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PREFACE TO THE SECOND EDITION 


Two EEPRiNTiHGs ill 194S of the first edition made it possible to cor- 
rect some minor errors. However, the rapid development of new tech- 
niques of mosquito control in the past three years has made a thor- 
ough revision and enlargement of Mosquito Control advisable, that it 
may be more applicable to the requirements of our military forces 
now, and to the needs of occupational forces later on. 

In this revision we have eliminated obsolete material and obvious 
errors, have modified some opinions, and have added whatever new 
material appeared to us to be significant. An appreciable enlarge- 
ment of the book has resulted. 


The selection of new material has been influenced to some extent 


by our experience in teaching medical and sanitary olficers at the 
Army Medical Field Service School at Carlisle Barracks, Pennsyl- 
vania, and Navy medical oflicers in the Short Courses in Tropical 
Medicine and Sanitation at the University of California. The require- ’ 

ments of civilian workers have also been considered, except that time \ 

w^as not available to bring up to date the data in Tables 4 and 5. |j 

An Appendix has been added on species identification and the use | 

of entomological keys, designed to enable persons without training | 

in systematic entomology to gain a fair understanding of the methods | 

of identification of mosquitoes. | 

A list of vectors of mosquito- ti'ansmitted diseases other than mala- ' 

ria has been substituted for the material formerly in appendix b. « 

Appendix A has been rearranged in alphabetical order, has been 
somewhat enlarged, and the latest nomenclature adopted. A chart ; 

presenting the more important malaria vectors throughout the world, 
grouped geographically and by typical breeding places, with appro- 
priate control measures, has been added as Part II of appendix a. 

We are indebted to the Office of Malaria Control in War Areas, of 
the United States Public Health Service, at Atlanta, Georgia, for Fig- 
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preface to the second edition 


A ^ erj lengthy list would be required to make acknowledgment of 

our obligation to all who have helped us with criticisms, suggestions, 
and information in malting this revision. We hope that we liave im- 
proved the book sufficiently to merit their approval. 


Berkeley, Calif ornia 
March 15, 19U 


William B. Herms 
Harold P. Gray . 




PREFACE TO THE FIRST EDITION 

The importance of mosquito control has come to be widely recog- 
nized in recent years, especially as its public health and economic 
values have become understood. The work is now engaging the efforts 
of a considerable number of men in all pai-ts of the world. Engineers 
and physicians, as weU as entomologists, have entered the field, and 
also an increasing number of men who, although without technical 
training, render effective service as members or as staff employees of 
administrative boards or commissions. 

This book has been written with the needs of these various groups 
in mind. It is intended to be a practical handbook on mosquito abate- 
ment, not a textbook on drainage engineering or a technical mono- 
graph on entomology. It endeavors to present the fundamental prin- 
ciples of mosquito control, emphasizing practical application, geo- 
graphic variation, and ecological differences in sufficient detail to 
indicate the main methods of attack on the problem. Thoughtful, 
observant, and ingenious men will adapt appropriate methods to the 
conditions or devise new methods based on scientific principles. 

References to the literature are intended to be representative 
rather than exhaustive. Much that is valuable is presented in scien- 
tific journals to which access is difficult if one is remote from the li- 
braries of the great universities; and to attempt to cite all material 
of value would give an appearance of erudition without enlightening 
the reader. However, we have assumed that anyone seriously engaged 
in mosquito abatement will own or have access to a working hbi’ary 
of the more important or useful texts and monographs on mosquitoes, 
especially on the mosquitoes of the region in which he is working. 
Suggestions of such texts and monographs are given in appendix e. 

In a democracy, public work must have public acceptance, ap- 
proval, and support. To be established successfully, not only must 
the w'ork be technically sound, practically efficient, and properly ad- 
ministered, but its benefits must be appreciated and its principal ob- 
jectives and methods understood by the community. Failures in mos- 
quito abatement can usually be traced to neglect of educational 
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public education, public relations, and administrative procedures in 
planning, management, and finance. Thirty years of experience have 
taught us to keep the community constantly in mind, the people for 
whose benefit the work is done and on whose approval and coopera- 
tion its success so largely depends. 

To attempt to make acknowledgment to all on whom we have 
drawn for facts, experience, and technical data would mean the 
preparation of a catalogue of practical^ all workers in this field, for 
we have freely used the research and experience of others in testing, 
supplementing, and extending our owm research and experience. Our 
special thanks are offered to J. A. LePrince for criticism of the first 
draft of the manuscript; to N. H. Rector, J. A. LePrince, and Fred 
L, Hayes for the use of photographs; to Robert B. Van Etten for 
considerable assistance in the writing of chapter v : to Thomas H. 
G. Aitken for assistance in the preparation of bibliographies and ap- 
pendices ; and to Margaret A. Prefontaine for faithful and meticu- 
lous care in the preparation of the manuscript. 

Permission has kindly been granted by The Macmillan Company, 
publishers of Medical Entomology^ by W. B. Herms (3d ed., 1989), 
and by G. P. Putnam’s Sons, publishers of Mosquito Control in 
Pariama, by J. A. LePrince and A. J. Orenstein (1916), to repro- 
duce certain illustrations from those books. 

Although the book is designed primarily for the use of men en- 
gaged in practical mosquito abatement, we hope it will also be useful 
to teachers of public health, sanitary engineering, and applied ento- 
mology. 

WiLTJAM B. Herms 
Harold F. Gray 

Berkeley, California 
June 5, WJf,0 
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INTRODUCTION 

MosauiTO ABATEMEHT is a development mainly of the last forty 
years. Its beginnings were marked by public indifference and scepti- 
cism, even actual hostility, and by disagreement and controversy as 
to methods and purposes among those doing the pioneer work. To- 
day, however, the efforts of many workers in entomology, engineer- 
ing, public health, and medicine, as well as of men without special sci- 
entific training who have been drawn into the administi’ation of mos- 
quito abatement, have developed a body of practical experience and 
scientific knowledge which enables us to attack the problem with every 
confidence of success. 

We may now definitely assert that at least in the temperate zones 
mosquito-borne disease can be practically eliminated, and personal 
comfort against the attacks of mosquitoes assured, at a cost which is 
moderate and thoroughlj'^ justifiable. There are a few areas of limited 
extent in which there are actual exceptions to this statement. There 
arc also a number of areas in whicli there are apparent exceptions, 
but we are convinced that usually such exceptions are due to lack of 
skillful and thorough application of available knowdedge. 

In tropical regions, it is also possible to assert, mosquito-trans- 
mitted disease in limited areas under adequate control can be reduced 
to a matter of minor significance, and physical comfort maintained 
to a satisfactory degree, at an expense which is not prohibitive. 

On the basis of experience’ with Anopheles gambiae and Aedes 
aegypti in Brazil, it is also possible to assert that wdth trained per- 
sonnel, sufficient equipment and materials, determination and time, 
it is possible to eradicate a particular species of mosquito within a 
limited geographical area, and to do this at costs which may prove 
to be less in the long run than the continued costs of suppressive (con- 
trol) measures. 

We also believe that in sub-arctic and high altitude regions satis- 
factory control of pest mosquitoes in limited areas may be obtained 
at a fairly reasonable cost. However, further study and experiment, 
and actual practical trials are necessary before such success can be 
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assured. Tlie difficulties at present appear to be great, but inteliigcnt 
application of knowledge to the problem should produce practical re- 
sults of value. 

Omoiisrs OF MOSQUITO CONTEOL 

The present ability successfully to combat mosquitoes has been 
achieved only as a result of long effort and much study and experi- 
ment, of trial and error, of success and failure. Very little was known, 
even to scientists, conceiming the biology and habits of mosquitoes 
prior to about 1880. In 1879 Patrick Manson demonstrated the 
agency of the mosquito in the transmission of filariasis. This dis- 
covery turned the interest of research men to mosquitoes as %'eclors 
of disease, and as a result the biology of these insects began to be 
studied more intensely. In 1893 L. O. Howard® of the United States 
Bureau of Entomology suggested the application of kerosene to 
water for the purpose of killing mosquito larvae and pupae. He popu- 
larized an old idea, for an editoriaP in the Philadelphia ‘‘Daily Ad- 
vertiser” of August 39, 179S, suggested the use of oil for this pur- 
pose, Little attention was paid to the idea until lloss, Grassi, Celli, 
Manson, and others in 1897-99 proved Anopheles mosqmtoQs to be 
tlie transmitting agents of malaria ; and Reed, Carroll, Agramonte, 
and Lazear in 1900 indicted acgypti as the vector of yellow 

fever.:' 

Although Watson^ in 1901 began his remarkably successful ma- 
laria-mosquito control work in Malaya, what really caught public 
attention was the work of Gorgas in stopping yellow fever in Havana 
in 1901, and the subsequent work of Gorgas and LePrince in con- 
trolling malaria and yellow fever in the Panama Canal Zone. By 
means of mosquito abatement campaigns, many cities in tropical 
America were gradually freed from yellow fever, witli incidental re- 
ductions in the prevalence of malaria. LePrince and Orcnstcin wrote 
the story of that work in 1916® and their book abounds in useful in- 
formation, keen ob.servation, and shrewd comment, much of it still 
valuable today. 

In 1901 appeared L. 0. Howard’s treatise, Mosquitoes: How they 
live; How they carry disease; How they may he classified; How they 
may he destroyed, which was of great value in spreading popular in- 



formation. In 1902 control was begun at Ismalia on the Suez Canal, 
and within a short time this fever spot lost its former unsavory repu- 
tation. In the same year appeared Ronald Ross’s small book, M 05 - 
qtdto Brigades and How to Organise which gave practical 

and workable directions as to methods of mosquito abatement. G-. M. 
Gilm'^s Handhooh of the Gnats and Mosquitoes also appeared in 
1902 .,; '■ 

Public interest in the United States was stimulated by the appear- 
ance of J. B. Smith’s report on the mosquitoes of New Jersey in 
1904, and by the beginning of abatement work against the famous 
Jersey mosquitoes. The prompt suppression, by means of mosquito 
abatement measures, of the 1905 New Orleans outbreak of yellow 
fever still further increased popular interest in mosquito abatement. 

Salt-marsh mosquito abatement on the Pacific Coast began at 
Burlingame, California, in 1905.® In 1910, the -writers of this book 
performed the first malaria-mosquito control work in an endemic area 
in the United States, at Penryn, California.'^ This demonstration that 
malaria could be controlled by mosquito abatement was follow^ed by 
similar work at Oroville and at Bakersfield, California, in the same 
year. In 1912 the first malaria-mosquito control work on an irrigation 
district in the United States was performed by Thomas H. Means® at 
Los Molinos, California, with the advice of the writers. 

E. PI. Ross’s Reduction of Domestic Mosquitoes in 1911 called at- 
tention to the nuisance phase of domestic mosquito breeding, as con- 
trasted with disease prevention where vector species are present, and 
offered practical plans for abatement under urban conditions, par- 
ticularty in warm climates. 

In I 9 IJ H. R. Carter of the United States Public Plealth Service® 
began malaria surveys in Virginia and North Carolina. In 1914 a 
federal appropriation of $16,000 was provided for malaria investi- 
gations by the Public Health Service: twenty-two surveys in seven 
states and three malaria control demonstrations were made in that 
year. In 1916 very successful demonstrations of malaria-mosquito 
control were made by the Public Health Service in cooperation with 
the International Health Board at Crossett^® in Arkansas. The United 
States Public Health Service did distinguished work in this field : 
from 1914 to 1928 it directly or cooperatively conducted malaria sur- 
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veys and investigations in BB'T communities in twenty-four states, in- 
cluding malaria-mosquito control in S4S communities in seventeen 

'■■.states.-' '.'■■ 

Mosquito species 

It is unfortunate that in the minds of so many persons mosquito 
control is simply a matter of squirting a little oil here and there on 
water. Effective control is actually highly complex in its details, even 
though its main principles can be stated in a few relatively sinqile 
generalizations. The complexities of the problem are due in part to 
the large number of known species of mosquitoes, which have marked 
variation in preferences of breeding places, in feeding and pestifer- 
ous habits, in flight range, and in their relation to disease transmis- 
sion. There are at present more than 1400 described species in the 
world. All are grouped, on the basis of anatomical structure, in the 
family Culicidae, and for practical purposes are divided into four 
tribes: 1) the Culicini; 9 >) the Aedini; S) the Anophelini; and 4) the 
Megarhinini. Ordinarily the Aedini are classified under tlie Culicini, 
but because of their special breeding habits and other striking differ- 
ences we^^ prefer to set them apart as a distinctive group. Figure 1 
displays the four stages of metamorphosis of typical species of tlu' 
three more common tribes. 

In the adult Culicini, the palpi (paired appendages, one on each side of tlie 
proboscis) of the female are less than half as long as the proboscis, in the 
male they are as long or longer; the scutellum (the rear terminal plate, sub- 
hemispherical in form, on the upper side of the thorax) is trilobed; piilvilli 
(pad-like cushions between the claws on the feet) are present ; the abdomen 
is usually blunt; and the eggs are laid in clumps or rafts, usually on the water 
surface. 


Figure 1. Morphological details and life histories of three genera of mosqui- 
toes : Culex, Anopheles, and Aedes 

Explanation of the abbreviations: An, PI,, anal plate; An. pron., anterior pronotul 
setae; Ani. Sdl., anal saddle (dorsal plate); Ant, antenna; A.T., antennal tuft; Cmb. 
sc., comb scale; D. Br., dorsal brush; donsal head hairs; Hah, haltere; Hr. 

tft., siphon hair tuft; I.C.H,, inner clypeal hair; L.A.T,, lateral abdominal tuft; 
Mesemp., mesepimeral setae; Mn., mesonotum (tergmn,); O.C.H., outer clypeal hair; 
Pal. Hrs., palmate or float hairs (tuft); Pec, Sc., peefen scale; Pn., postnotnm; Po. 
pron., posterior pronotal setae; Prea., prealar setae; Proeps., proepisternal setae; P. 
Spr,, postspiracular setae; Resp. Trump., respiratory trumpet; Sch, scutellum; wSp,, 
spiracle; St. pi.;' sternopleural setae; V. Br,, ventral brush. (From W. B. Herms, 
Medical Entomology, 3d ed.. New Yorkt Macmillan, 1939.) 
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Sfvrral .spt’cit^s of the Ciiiicini are known to transmit disease. Culew pipiens 
transmits a minute worm, which causes a disease known as 

''iieartu'orm” in dogs, eats, and various wild carnivores. The tropical disease 
known .as liancroft’s filariasis (with its associated disease, or sequel, elephan- 
tiasi.s) is caused by minute worms (PTuchereria hancrofti) , the adults of which 
are ifnind in the lynqjhatic system of infected humans, and the larval worms in 
the peripheral circulation, and is transmitted by naany species of mosquitoes, of 
%vhicl5 Cnh.t quinquefasciatus (=: fatlgans') and A edes scutellaris variega- 
are jurobably the principal vectors. 

The vlruse-s of encephalitis are transmitted by several species of mosquitoes, 
among which Calea* iarsalis^^ apparently plays an important part in the trans- 
inission of western equine virus, and Culex pipiens molestus^^ in the transmis- 
sion of the St. Louis virus. 

As a group, however, the Culicini are of importance chiefly as pests. They in- 
clude more than 500 species classified under twenty genera. Culex pipiens 
malesius, the house or domestic mosquito in temperate climates, and its close 
relative Culex quinquefasciatus in the tropics and sub-tropical regions, are 
prolmbly the best known and most ubiquitous members of this group. 

In the Aedini, the female palpi are short and the scutellum is trilobed as in 
the Culicini, but the abdomen of the female is pointed; post-spiracular bristles 
are present; pulvilli are absent or hair-like; and the eggs are laid singly, sel- 
dom on the water surface, usually upon ground which will later be flooded, or 
upon surfaces above or adjacent to water. 

There are over 500 species in the tribe Aedini, in two principal genera, Aedes 
and Psorophora. The genus Aedes, which is the more important, includes many 
of the most formidable mosquito pests, such as the salt-marsh group, the arctic 
group, the flood-water group, and the snow or boreal group, Aedes aegt/pU, 
which is domestic in habit and breeds in artificial containers of water in and 
about human habitations in tropical and sub-tropical regions, is the most im- 
portant disease vector of this genus, as it transmits yellow fever, dengue, and 
possibly encephalitis. Aedes alhopictus is an important vector of dengue. Other 
members of the genus Aedes (also Haemogogus, etc.) transmit jungle yellow 
fever.*'* The western equine virus of encephalitis is transmitted by several 
species of Aedes, among them being Aedes nigromaculis and the fresh water 
iorm of Aedes dorsalis 

The genus Psorophora includes several species of pest mosquitoes commonly 
known as gallinippers. 

The tribe Anophelini is distinguished by long palpi in both sexes ; the scutel- 
lum is rounded, without lobes; there are no pulvilli; the larvae do not have a 
prominent breathing tube, or siphon, as in the Culicini and Aedini; and the eggs 
are laid singly on the surface of the water. 

The tribe Anophelini is divided into three genera, Chagasia, Bironella: and 
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Im^pheles. The iirst two of tliese are miimportaat. The gmm Amphdes com- 
prises about 160 species, and is of great interest because membera of this 
genus are the transmitters of malaria, one of the most important of all diseases 
affeetingman. 

Within single species of Anopheles, for example Anopheles maculipemm, 
there are several sub-species or varieties, which differ principally in breeding 
preferenees or food habits, but have very slight anatomical differences ; in fact, 
the only clear differences may be in the male terminalia or the eggs. This sub- 
specific differentiation adds to the complexity of the mosquito control problem. 

The members of the tribe Megarbinini are tropical flower feeders whieli do 
not suck blood, and are of no apparent economic or medical interest. Some fifty 
species are included in this group. 

General principles op mosquito abatement 

When we contemplate the great diversity in types of breeding 
places, in food preferences, in Eight habits, in ability to transmit dis- 
ease, in economic effect, and in many other ways, among the many 
species of mosquitoes, we begin to realize the complexity of the prob- 
lem of controlling these insects. Generalized rules of thumb are here 
not only inadequate but they are definitely detrimental to successful 
control. Success in mosquito abatement depends upon exact knowl- 
edge of the species of mosquitoes in the particular region to be placed 
under control, of the habits of each particular species or sub-specics, 
and of the appropriate methods for the abatement of each species. 
Special attention should be directed to the use of naturalistic control 
methods (see appendix c, sub-head in) which aim to effect, at rela- 
tively small cost, simple changes in environment to make it unsuit- 
able to the breeding of the particular species in that region. In the 
presence of a mosquito-transmitted disease a selective attack (Spe- 
cies Sanitation^ cm xvii) against the vector species is of primary 
importance, especially where limited funds make it impractical to at- 
tempt a program for the abatement of all types of mosquito breeding. 

In some cases a grouping of local mosquito species into ecological 
associations based on breeding-place types may be a useful concept 
in the practical application of control measures. 

The primary purpose of all mosquito abatement is to reduce or 
minimize the production of mosquitoes. This is principally a matter 
of reducing or eliminating the water in which mosquitoes breed, or 
by appropriate naturalistic methods rendering such water unsuitable 
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for mosquito breeding. If, after this has been accomplished to the 
greatest practical extent, there still remains some mosquito breeding, 
then this residual production must be controlled by supplemental 
measures, such as the application of oils, Paris green, or other larvi- 
cides. But the use of oils and larvicides for the destruction of the 
aquatic stages of mosquito life must always be looted upon as a sec- 
ondary method of attack, the necessity for which should be reduced 
to a minimum by the primary methods of drainage, filling, constant 
level flooding, controlled reflooding, and other methods hereinafter 
described. 

Perfection of detail may not be as important as continuity of ef- 
fort. Except in a few unusual cases, a sustained attack, year after 
year, will produce better ultimate results than an intense attack in 
one year followed by comparative neglect and inaction. 

Mosqluito abatement and disease peevention 

In the prevention of disease, one school of thought has held, so far 
as malaria is concerned, that quininization is the principal preventive 
measure and has neglected mosquito abatement or done it perfunc- 
torily as a secondary matter. Perhaps the most extensive experience 
to date with both mosquito abatement and medication is that of Sir 
Malcolm Watson, who wrote^” as follows : 

... while drugs can cure malaria, no drug so far known can prevent in- 
fection, While there are hundreds of places in which malaria has been abolished 
by the destruction of mosquitoes, there is no example of a place in the tropics 
being freed from malaria hy the means of drugs alone. 

In 1910 (E. Ross, 1910) I published the following conclusions reached as 
the result of practical experience on estates and elsewhere oyer a number of 
years,;'. 

That quinine given regularly greatly reduces the sick- and death-rate 
of those exposed to malaria. 

That doses of less than six grains daily are of little value if the ma- 
laria be intense— say where the spleen rate is 75 per cent or more. 

That when given in lO-grain doses on six days out of seven, or in 20- 
grain doses when a coolie has fever, or is in such bad health that he 
does not feel inclined to work, between 20 and 30 per cent of those tak- 
ing the drug will still be found with parasites in their peripheral blood. 

That the use of quinine can, therefore, never result in the abolition of 
malaria, or even make any material reduction in the liability to infec- 
tion in a malarious locality. 
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Extensive experiments with the new drugs atehrin and pla.sraoqain have 
led to the same conclusions. Not long ago some one wrote in tin? Lancet Hint 
those of us who carried out anti-malarial work, had not realii^ed the danger of 
gaiaetocyteSj circulating in the blood, and the necessity of sterilixing the ]iIo«)d 
by drugs. Tlie answer is that the part played In” the ganietocytc w'as fully re- 
alized; and that we tried and failed to sterilize the blood (Watson, 1911) and 
so far no one has been more .successful. Indeed, most of those who liave been 
engaged in Malaya, India and Europe in the prevention of malaria by tlic de- 
struction of mosquitoes are convinced that it is cheaper to prevent the disease 
in most places by thts method, than to cure the sick. What is holding up liie 
work is not so much the lack of money as a %vant of knowledge of the biology of 
the dangerous species of mosquitoes, and of a staff conversant witli the tech- 
nique of mosquito control. 

Watson’s matured conclusions may be compared with llackctt’s^” 
view^s, that to keep a population free from gametocytes by drug ad- 
ministration is a practical impossibility and that, wdiere mosquito con- 
trol is feasible, mass treatment with drugs is not likely ever tr) lie a 
satisfactory substitute. 

In recent years the trend in the tropie.s lias been toward more ef- 
fective mosquito abatement, although in many areas it ha.s been di- 
rected only against either vector Anopheles or Aedes aegppti. It i.s 
interesting to note that Boyd/^ as a result of experience in Bra'/il, 
believes that in general malaria control througli aniii-anopholiiie 
work can be successfully carried on under tropical Brazil conditions, 
at a cost that the local municipios can well afford, except possibly in 
areas of intense local infection and extreme natural difficulties. 

It maj’’ be a fair statement that in tropical areas under American, 
and to a considerable extent also under English, influence emphasis 
has been laid on mosquito abatement in the prevention of mosquito- 
transmitted diseases, whereas in tropical areas subject to Italian, 
Erench, and Dutch influence, the emphasis has been on suppressive 
medication, with mosquito abatement in a minor role, or neglected. 
With the help of the Rockefeller Foundation, Italy gave considerable 
attention to mosquito abatement, with good success, to some extent as 
a result of the comparative work done in Sardinia.^’'* 

It is interesting to note, in passing, that some tropical areas have been free 
from mosquitoes until their introduction by man within historical times. For 
example, the Hawaiians had no native word for mosquito: Cule,i; qulnque- 
fasciatns was introduced into the islands in 1826 at Tahaina, Island of Maui, 
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by the ship Wellington^ from San Bias, Mexico/*^ and Aedes species at some 
later unascertained date. It is easy to understand how Cule.v quinquefascidtus, 
because of its habits, could be carried by the old sailing ships in their open 
water barrels. With modern airplane transportation, the probability of intro- 
duction of mosquito species into new areas is increasingly possible. 

For many years now the abatement of mosquitoes wliicli are dis- 
ease yectors has been fairly widely recognized as important, and con- 
sidered to be a legitimate and essential factor in the protection of the 
public health. But the control of what may be termed “pest” mos- 
quitoes, in the interest of public comfort, and to guard against eco- 
nomic loss, has received less attention and public support, except in 
comparatively few areas, mostly in the United States. The long- 
hnown transmission of filariasis by mosquitoes (some S8 species have 
been incriminated) and recent developments in the epidemiology of 
certain virus diseases, especially encephalitis, which has been demon- 
strated to be transmissible by several species of Aedes and CuleXs raise 
the question what species of mosquitoes are merely pests. If several 
of our pestiferous Aedes species are also carriers of diseases, where 
can we di'aw the line between mosquito abatement for the protection 
of the public health, and mosquito abatement for the promotion of 
comfort or the prevention of economic loss ; and is it necessai'y or ad- 
visable to draw so fine a line? Time and patience in research will be 
necessary to unravel some of these complex questions, but the existing 
problem may be concisely and we believe reasonably summarized as 
foUows:' / 

Several speeies^^ of Cidecc, Aedes, and Culiseta (Theohaldia) mosquitoes 
transmit encephalitis from animal to animal and from animal to man. 

Filariasis is transmitted by a wide variety of mosquito species, several of 
which are important as pests. 

While the epidemiology of poliomyelitis (infantile paralysis ) is not clearly 
understood, the possibility that this disease is transmitted by insects (perhaps 
mosquitoes) has been neither proven nor disproven. Some epidemiologists have 
suggested mosquito abatement as a le^timate method for tlie control of polio- 
myelitis. However^ we have recently seen one circumscribed and isolated out- 
break of poliomyelitis in which mosquitoes played no part. 

The problems of mosquito abatement today are principally : the ex- 
tension of effective measures into all areas where they are necessary 
for the health, comfort, and economic welfare of man ; the develop- 
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ment of greater efficiency in onr methods of abatement so that the 
best results will be achieved at the lowest cost possible ; and the in- 
crease of public understanding of the prineiplesj methods, and %^aliie 
of the work. We have made long strides in the last forty years— muclt 
remains to be done. 
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IMPORTANCE OF MOSQUITOES , 

FE^Y PEOPLE who have not studied the mosquito problem have aiij 
conception of its importance, both in relation to health and as an eco- 
nomic factor in human existence. Yet mosquitoes take their toll as 
certainly and as measurably as the pests affecting crops or domestic 
animals. 

In malarial areas the disease-transmitting mosquito exacts an ini- 
tial toll amounting to the value of the lives lost, the cost of medical 
care, the loss of working time during illness, and the loss of working 
efSciency during the prolonged period of lowered human vitality. 
The secondary effects of malaria, and to a less extent the anno 3 ''ance 
caused by anopheiine mosquito prevalence, cause additional eco- 
nomic damage in these areas by hindering the conduct and develop- 
ment of agriculture, of industry, and of business, and therebj^ limit- 
ing or depressing the value of property and the general prosperity 
of the community. 

Explosive epidemics of yellow fever or dengue, both mosquito- 
transmitted diseases, cause serious economic damage and diax’uption 
of community life, as revealed by historical accounts of sucli epi- 
demics. 

The disability and disfigurement caused by filariasis are important 
factors in many tropical and sub-tropical regions. 

The outcome of wars and the conduct of campaigns have been pro- 
foundly modified b}^ malaria. An entire Allied arm}^ was immobilized 
at Salonika in 1917 by an extensive epidemic of malaria. 

Extensive economic damage to infested communities may also be 
caused by excessive prevalence of various species of mosquitoes which 
are not known vectors of disease. Such species are genorallj' desig- 
nated as pest mosquitoes, to distinguish them from disease- vector 
mosquitoes. The economic damage caused by pest mosquitoes affects 
agriculture, industry, recreation, and property values approximately 
in proportion to the intensity of the infestation. 

COST OF MALARIA 

Considered on a world-wide scale, malaria is one of the two or three 
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most important of the diseases aifecting man, and probably causes 
the greatest economic damage of all human diseases. Malaria ranks 
high in the United States among the infectious diseases, particularly 
in the southeastern states. The 19S8 report of the committee on 
population problems of the National Resources Committee^ pub- 
lished an estimate of 1,500,000 cases in this country in 193S when 
the prevalence of malaria was at a low ebb, and 2,700,000 eases in 
1904 when its prevalence was higher than it had been for 3 mars. The 
same report shows an estimate of one death for every 600 cases of 
malaria in this country. This is a low case-fatality rate, but the dis- 
ease is of serious social and economic importance in infected areas 
not only because of its prevalence but because of its debilitating ef- 
fects. Dr. H. R. Garter^ estimated that for each death from malaria 
there were at a minimum from 2000 to 4000 sick days, and that the 
loss of efficiency might be two or three times greater. This estimate 
was purely an approximation for average conditions in southeastern 
United States; the loss for a particular area may vary widely from 
any average estimate. 

The numerous estimates that have been made of the losses caused 
by specific mosquito-borne diseases in various areas have for the most 
part been based on assumptions and averages, and are not always 
convincing because they are after all mere approximations to the 
probable losses. Generally, the estimate has been based on a recorded 
number of deaths from malaria, an assumed average economic value 
of human life, an assumed case-fatality ratio, an assumed percent- 
age reduction in earning power applied to an assumed average earn- 
ing capacity, and an assumed price per acre of depreciation in value 
on an assumed number of acres. It is probable that only the assumed 
number of acres would withstand critical detailed analysis. 

Probably the most brilliant and thorough study of economic loss 
due to a mosquito-transmitted disease has been presented in a re- 
markable article by Colonel J. A. Sinton,® Director, Malaria Survey 
of India, on the economic and social effects of malaria upon the people 
of India. The entire article is worthy of intensive study, as it presents 
a wealth of facts and statistical matter, together with shrewd com- 
ments thereon. There is also a very complete and valuable bibliogra- 
phy. In his conclusions Sinton points out that in an ordinary year in 
India at least one hundred million persons suffer from, and one mil- 
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Hon succumb to, the direct ravages of malaiia; and that hj its in- 
direct effect in lowering the vitality of the afflicted whereby many 
contract other diseases, malaria is almost certainly responsible for 
another one million deaths and for a morbidity of between twenty- 
five and seventy-five millions annually. Apart from all humanitarian 
aspects of the problem, Sinton estimates its economic importance as 
follows: 

Malaria gives rise to the greatest economic problem with which India is 
faced. The financial losses to the individual and family alone have been calcu- 
lated at not less than Rs. 11,000 lakhs, or about million sterling, per 
annum. This is apart from the effects of the disease upon all aspects of the 
labour problem, and thus upon the fullest exploitation of the natural resources 
of the country and the successful de%"elopment of her manufacturing and other 
industries. While it is not possible to evaluate with any degree of accuracy 
the immensity of these direct and indirect losses, there is little reason to 
doubt that they must run into unbelievable millions of pounds sterling each 
year. ... It has been shown that malaria caused incalculable losses to agri- 
culture, industry and commerce, mainly through its direct and indirect action 
upon different aspects of the labour problem. The most important industry of 
India, namely agriculture, is most markedly affected, and the disease gives 
rise to a retardation of agricultural develo]>ments, and sometimes to the aban- 
donment or decline of this work in very fertile, and potentially rich areas. 
, . . The disease not only results in a decrease of revenue (to the (iovern- 
ment) but also in an increase in the cost of administration. Having taken 
these huge lo.sses into account, it has been .shown that wisely planned anti- 
malarial operations are paying propositions, from which there is often a 
direct financial profit upon the money invested, and from which there is cer- 
tainly an indirect profit in the effects which such measures have on the gen- 
eral prosperity of the community. . . , The widespread prevalence of ma- 
laria is almost certainly the most serious economic and social problem of 
India. . . . The labour problem and the malaria problem are synonymons, in 
that this disease is the main cause of inefficient and deficient labour, . . . 
The problem of existence in very many parts of India is the problem of ma- 
laria. ... It constitutes one of the most important causes of economic mis- 
fortune, engendering poverty, diminishing the quantity and quality of the food 
supply, lowering the physical and intellectual standard of the nation, and 
hampering increased prosperity and economic progress in every way. 

The records of many places throughout the world give evidence of 
the tremendous cost of mosquito-transmitted disease, and a few il- 
lustrations, usually with the results obtained by mosquito control, 
will be presented. 
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EeSULTS OF EFFECTIVE MALAEIA CONTROL MEASURES 

The beneficial results from reasonably adequate malaria control 
measures, in which Anopheles control was generally a major measure, 
have been demonstrated in many parts of the world. A few examples, 
taken principally from tropical regions, follow. 

In 1901 an epidemic of malaria^ occurred in Klang and Port Swettenham in 
the Federated Malay States. In a combined population of 3^500, at least 682 
deaths (of which about 380 were diagnosed as malaria) occurred in that year. 
Business was practically suspended, and Port Swettenham was ordered closed 
only two and a half months after this new port had been opened. But due to an 
intensive campaign of sanitation, including mosquito control, the number of 
deaths dropped to 144i in 1902, of which about 70 were due directly to malaria, 
and as a result the port was not closed. Since 1902 effective mosquito control 
has kept malaria in these two towns at a relatively low rate. 

Singapore^ is an example of what can be done under difficult natural condi- 
tions. In 1911 it had a total death rate of 60.9 per 1,000 population (average 
for 1892-1911 was 42.3). Anti-malaria measures were begun in 1911, and 
malaria, which had been the principal cause of death up to that time, gradually 
declined until in 1939 the President of the municipality was able to say that 
“Malaria has been absolutely stamped out. It would be a very unfortunate resi- 
dent who contracted malaria now.” 

At Garey Island^ in Malaya, a rubber estate of 18,000 acres and 5,000 popu- 
lation, malaria control has been in effect since 1906. Since 1912 no European 
has contracted malaria on the estate, and during the five years prior to 1942 the 
hospital admission rate for malaria among native laborers was but one-tenth of 
one per cent. 

The Roan Antelope Copper Mines^ in Africa had in 1929 a high death rate 
from malaria, complicated by dysentery, typhoid fever, and pneumonia. As a 
result of the application of various sanitary measures, including mosquito con- 
trol, the total death rate has fallen from about 22 per 1,000 in 1929 to 6.6 in 
1941. In 1940 there were no deaths from communicable disease, and the mine 
was able to get an abundance of labor. 

Concerning the construction of the Lower Zambesi Bridge in Africa, the 
London Times of October 31, 1934 reported in part as follows: 

“The Lower Zambesi has for centuries been notorious for deaths from 
malaria and blachwater. The Cleveland Bridge Company determined to 
make health a primary consideration. A rigorous and comprehensive con- 
trol system was inau^rated, and, as a result, during three and a half 
years of construction there has not been a single case of malaria in the 
camp area among all the European employees who were brought straight 
from Britain. This is a wonderful record, and ian example of what might 
be done for tropical Africa, given timejprganizatidh, and finances.” 
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The bridge %vas completed in less than the coxitract time, and the CKpeucli- 
tures for mosquito control proved to be a definite economic gain for tlie con- 
tractor. 

The annual reports of the India Branch of tlic Ross Institute of Tro})icaI 
Hygiene are replete with detailed illustrations of the benefits of malaria con- 
trol on tea estates, jute mills, sugar factories, mines, and clscwlierc, in various 
parts of India. 

One report from a jute mill is indicative. This mill prior to 1D,‘M furnished 
free supplies of quinine to its emiiloyfces. Beginning in the mill carried on 
mosquito control measures as advised by Dr. G. C. Ramsai". The mill manager 
in 194)1 reported^ as follows; 

“The precautions which have been taken to combat the ravages of ma- 
laria have been quite successful as can be witnessed by the healthier 
workers now employed and the fact that labourers are not now migrating 
*en masse' as was the rule previous to malaria preventijin measures being 
taken up. The money %vhich the Mills Company has spent on malaria 
work has been a blessing to all human beings in their employ and I arn 
sure they have been fully recompensed for tlieir outlay by receiving bet- 
ter production from the machines operated by people who have been re- 
stored to health after many years of suffering. I may mention that rec- 
ords of the mill show that in 1032 before recommendations were made to 
carry out the anti-malaria work, the spleen index was 20 per cent ; today 
it is only 3.6 per cent.” 

An even more notable I'esult was reported*’ on a tea cstatt; .at Sylket, Assam. 
In 1931, before mosquito control, the malaria eases were 12.>. and tlm spleen 
rate was 74) per cent; in 1041 the malaria cases were 31, and the s{)locn rate was 
7 per cent. 

One of the most effective control projects has been on a large group of tea 
estates in noi*thern India (personal communication from Sir ^tlaleolm Watson). 
Prior to commencing anti-malaria work in 1933, labor recruiting cost about Rs. 
25,000 per year. At present no recruiting Has to be done, and Indians on ad- 
joining lands now ask permission to live on these estates. The malaria control 
work (anti-Anopheles') costs about Rs. 5000 per year. The cost of production 
of tea has been reduced 1. 1 2 annas per pound, with a gross .saving on the w'liole 
crop of about Rs, 80,000 per annum. Men's wages were increased from 4 to 5 
annas per day, women’s from 3 to 4 annas per day. (Note: one rupee - = 16 
annas; 1 anna =■ 12 pies. In 1941, one rupee was equivalent to about TO-1-6 
English or $0.32 American money.) 

The Ross Institute of Tropical Hygiene (affiliated with the Lon- 
don School of Hygiene and Tropical Medicine) is supported in large 
part by contributions from industries and businesses with tropical 
properties or interests. It is obvious that these contributions w-ould 
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not be continued year after year if the researcb, services, and teaching 
of the Institute did not produce worthwhile results of economic ad- 
vantage to the donors. 

SUGGESTIONS FOR ESTIMATING ECONOMIC LOSS 

The economic loss in mosquito-infested communities can, w^e be- 
lieve, be estimated with sufficient accuracy for all practical purposes. 
However, a creditable statement even of rough estimates cannot be 
made by mere guesswork ; actually it requires a considerable inquiry 
and a W’^ell-planned investigation made with the cooperation of indus- 
trialists, merchants, physicians, public officials, and the public gen- 
eralty, and may call for a house-to-house canvass. It should be suffi- 
cientty thorough to permit the deduction of intelligent approxima- 
tions; and should preferably be stated in terms of probable maxi- 
mum and minimum economic losses so as to exhibit the probable range 
of costs of mosquitoes or of mosquito-transmitted disease. 

In estimating the economic damage done by mosquitoes, a distinc- 
tion should be made between losses caused by mosquito-transmitted 
disease and losses which are not connected with disease. In an area in 
which the mosquito is a known vector of disease, the analysis of eco- 
nomic loss should include the following items : 

1. Value of lives lost 

2. Cost of medical care and medicines 

8. Labor losses 

a) Loss of working time 

b) Lessened efficiency of labor 

4. Property losses 

a) Depreciated real estate 

b) Losses on forced sales of property 

c) Depressed rentals 

5. Loss of crops or other products of labor due to inability to work at 
the proper time 

6. Cost of moving in and out of infested areas 

In an infested area in which the mosquito is not a known vector of 
disease, the items above numbered 3 to 6 inclusive should be considered 
in an analysis of economic loss ; and account should also be taken of 
losses of revenue in summer resorts, hotels, golf clubs and other out- 
door amusements, if any of these are established in the area 
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The following comments and illustrations may be helpful for se- 
curing general estimates of loss under the various items. 

Deaths 

\’’arioas studies have been made of the economic value of human 
life, based on average per capita income, average age of the popiiia- 
tioii, and average expectancy of life. All tliree factors will vary in 
dilferent localities. The average income in a particular area, for ex- 
ample, may differ considerably from the national average. It sliould 
ho possible to secure data for the local figure from tJie Bureau of In- 
ternal Revenue in the United States, or its equivalent in other coun- 
tries. Of tlie three factors, the average age of the local population 
may be the most difficult to obtain, but probabty can be approxi- 
mated from census figures. Insurance companies also should be able 
to furnish data for the average age as well as for tlie average ex- 
pectancy of life. If figures for the tliree factors can !)e obtained, the 
estimated economic value of a liuman life in a given locality would 
then be the average per capita annual income multiplied by the num- 
ber of years of expectancy of life at that age which is the average 
age of the population. When such a figure is applied to a number of 
deaths, from malaria for example, it should be ren)eml)ered that the 
result will be onh^ the roughest kind of estimate. 

Cost OF MEDICAL CARE 

The best type of estimate of economic loss from a disease in a par- 
ticular locality is that based on a detailed house-to-house canvass of 
the locality, in which the pertinent available facts are obtained and 
analyzed. One of us'^ had the opportunity to make such an investiga- 
tion with respect to malaria in the Anderson-Coltonwood irrigation 
district in California in the winter of 1918-19. The economic loss 
due to tlie cost of medical service and medicines in the various parts 
of this district is given in Table 1. 

The malaria incidence in one section of this district (town of An- 
derson) was studied by S. B. Freeborn® in June 1919. TIis malaria 
index made at that time is shown in Table S. 

In view of the fact that the survey was made in June and that the 
maximum malaria intensity normally occurs in September in Cali- 
fornia, the incidence figures obtained by Freeborn corroborate very 
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Tabm 1. Malaria costs in 1918^ Aiiderson-Cottonwood Irrigation District, 
Shasta County, California 



Ander- 

son 

town 

Ander- 

son 

section 

Churn 

Creek 

section 

Ball’s 

Ferry 

section 

Cotton- 

wood 

town 

Cotton- 

wood 

section 

Entire 

district 

Families 

94 

75 

19 

12 

46 

14 

260 

Persons 

379 

316 

98 

64 

176 

68 

1,081 

Persons per family 

4.08 

4.21 

5.16 

4.5 

3.8 

4.14 . 

4.16 

Persons having ma- 
laria symptoms 
in 1918 254 

207 

60 

32 

25 

12 

590 

Percentage having 
malaria symp- 

toms in 1918 

67.0 

66.5 

61.0 

69.0 

14.0 

20.0 

54.5 

Cost of medicines 

$ 504.25 

$ 736.75 

$117.00 

$ 62.00 

$ 56.50 

$14.00 

$1,480.50 

Per family 

5.36 

9.82 

6.16 

4.33 

1.28 

1.00 

5,70 

Cost of medical 

service 

359.00 

1,220.00 

79.00 

69.00 

100.00 

12,00 

1,839.00 

Per family 

3.83 

16.28 

4.16 

5.75 

2.18 

0,86 

7.10 

Labor loss* 

948.00 

3,684.00 

218.00 

60.00 



4,910.00 

Per family 

10.10 

49.10 

11.48 

5.00 

- 

- 

18.90 

Cost of malaria in 

1918 (for 
three items 

given above) 

1,811.25 

5,640.75 

414.00 

181.00 

166.50 

26.00 

8,229.60 

Per family 

19.29 

76.10 

21.80 

15.08 

3.41 

1.86 

31.70 

Per person 

4.79 

17.80 

4.23 

3.35 

0.89 

0.45 

7.66 

Per person sick 

7.64 

27.20 

6.90 

5.66 

6.27 

2.17 

14.05 

* Labor loss is given for the wage-earning members of 

a family; 

casual labor is not 

included. The wage base is $4 a day. 

Tabi.e 2. Malaria index, 

Anderson 

, California, June 1919 



Blood smears 

Per cent 

Neg. Pos. pos. 


Histories 

Per cent 
Pos. pos. 

Number 

taking 

quinine 

Total examined 

90 

:':29 ' 


38 

86 

7m 

53 

Adults 


16 , , 

so.e 

28 

BO ■ 

64.1 

40 

10-15 yeans 

18 


S5.7 

3 

^ .25 

804 

10 


10 3 M.0 2 11 SJpS 


Under 10 years 


3 




months of high malaria incidence. The hospital records of railroads^* in 
southeastern United States Indicate that about one-third of the Ijospital eases 
are due to malaria, a considerable part of this being fotnid in the. constructioti 
and maintenance gangs which may be temporarily statiom^d, with little protec- 
tion, in areas of considerable Anopheles prevalence. 

On large construction work executed in potentially malarial .areas contrac- 
tors today will usually make considerable effort to jirevcnt malaria among their 
workmen, for a rea.sonable labor efficiency is essential to the (UHniomie* prosecu- 
tion of the work. 

The experience o£ the United Fruit Company in Central America has been 
particularly impressive. Their reports indicate that earnings of laborers per 
man-month have been increased about one-third during a three-year program 
of malaria control and camp sanitation. 

Labor losses among casual laborers are not easily ascertained un- 
der rural conditions, since casual farm labor shifts rapidly from 
place to place according to the crops. As casual laborers are fre- 
quently not housed at all, or boused in dwellings poorly protected 
against mosquitoes, they are exposed freely to infecHon, and usually 
contract malaria, or are reinfected, witliin a short time after enter- 
ing a malarial region. Estimates of this loss could be obtained if each 
employer of casual labor were asked at the beginning of a season to 
keep a record of the number of man-days lost on account of malaria. 
If a record is also kept of the total man-days of such labor, a per- 
centage of lost time, as well as the total lost time, could be obtained. 
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In areas where salt-marsh mosqiiitGes are abundant, all forms of 
outdoor labor, both agricultural and industrial, are rendered less ef- 
ficient because of time lost in combating swarms of biting insects. One 
company, for example, in making time studies on outside welding 
operations, reported that approximately thirty per cent of time was 
lost where mosquitoes were especially prevalent. 

The pi’esence of night-biting domestic species (for example, Culea 
pipiens molestus)y a numerous, wiE have some effect on labor effi- 
ciency by causing loss of sleep. The amount of such loss in labor effi- 
ciency is not determinable, but may be appreciable. 

Property losses 

Depreciation of property values, in terms of money, probably ex- 
ceeds all other losses combined due to mosquitoes or mosquito-trans- 
mitted disease. Its estimation is difficult, and can at best be only an 
approximation based on the judgment of men particularly well in- 
formed on local real estate values. It may run from only a small per- 
centage in slightly affected regions, to fifty per cent or perhaps even 
more in severely affected areas. In making estimates, it would be ad- 
visable to separate urban from rural areas, as the percentage depre- 
ciation may be rather different in the two types of area. The depre- 
ciation will be the present fair sale price of property subtracted 
from the probable normal price of property if mosquitoes and mos- 
quito-borne disease are eliminated. 

A very illuminating illustration^ of the benefits of mosquito con- 
trol was given by R. F. Engle, president of the Ocean County (New 
Jersey) Mosquito Extermination Commission. He showed that as- 
sessed valuations of property in New Jersey, in the fifteen-year period 
from 1916 to 19J0, inci’eased by rougbly five hundred and fifty-five 
million dollars more in the areas where mosquito control work was car- 
ried out, than it increased in unprotected areas. Such an illustration 
is at least highly suggestive even if a careful analysis of his figures 
should prove them to be not strictly comparable. 

Continued malaria, especially malignant tertian (aestivo-miUm- 
nal) malaria, will cause some residents in malarial regions to sell out 
and remove to a non-malarial region. Sales of property under such 
conditions are almost invariably made at a loss of ten to fifty per cent 
of the purchase price of the property. 
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People wiio might otherwise purchase land for homes, farms, or 
industry will he to some extent deterred from doing so by the pres- 
ence of malaria, or by the excessive prevalence of mosquitoes, espe- 
cially the salt-marsh varieties. Local real estate agents can usually 
give a rough estimate of the amount of commissions on possible sales 
lost. . , 

Estimates of lost rental on vacant property can be readily made in 
any region. How much of- such %mcancy is an, excess above a normal 
vacancy in a healthy community of a similar type can be estimated, 
and the difference charged to malarial economic loss. In addition, 
rentals themselves are depressed on account of malaria. 

Loss OF CROPS 

Losses due to inability to liandle perishable crops at the proper 
time are not readily ascertained, except by actual investigation of 
specific cases. In general, the loss is indirect, in that it m necessary to 
hire additional men to handle the crop so as to avoid the loss. It is 
probably a significant item of economic loss, but ditllcult to estimate. 

Summer removals 

In intensely malarial or inosquito-riddc!! coniumnilies, fanulies 
which can do so will frequently remove from tlio district: during the 
worst malarial or mosquito-infested months. Such I'omovals represent 
an expense to the family and an economic loss to the community. It 
can be ascertained on detailed inquiry, but cannot readily be esH- 
mated. 

Summer resorts, golf clitus, etc. 

Most people on pleasure trips and vacations will leave hotels, 
beaches, and summer camps, if mosquitoes are numerous, aiid tiiey 
will w'arn others about the discomfort of such places. Tins re]>resents 
a cash loss to summer business, whicb can be measured fairly accu- 
rately. We have seen personally, or had brought to our atteutioii by 
reliable observers, numerous illiivstrations of sucli losses, and present 
here two cases. 

Noble M. Stover, superintendent of the Three-Cities Mosquito Abatement 
District, San Mateo County, California, during a visit in the state of Washing- 
ton in the summer of 1930, gave mosquito abatement advice to a hotel where he 
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had spent a bad night battling the pests. A brief inspection in the vicinity of the 
hotel disclosed in an adjacent “pee- wee” golf course several ornamental ponds 
prolifically breeding mosquito larvae and pupae. Several months later the man- 
ager of the hotel in a letter of thanks advised Mr. Stover that the mosquitoes 
had disappeared entirely after oiling the ponds; and that the hotel, which had 
been only half occupied and was on the verge of bankruptcy, had since greatly 
increased its occupancy. For the expenditure of a few gallons of kerosene, a 
half-million-dollar enterprise had been saved from failure. 

The other illustration came under our personal observation in 1933. Byron 
Hot Springs, a well-known health resort in California, was suffering from a 
pest of mosquitoes, and a serious loss of revenue in consequence. An inquiry 
addressed to the University of California resulted in our sending an experi- 
enced man to the resort to abate the mosquitoes. He found^^ that the excess 
water from the various springs formed a marsh which was most prolific in its 
output of Culex pipiens molestus; in addition, there were numerous containers 
of water about the premises contributing their quota of mosquitoes. The marsh 
was drained and the surplus water conducted in a ditch to an alkali flat on 
which the salt content of any standing water would be too high to permit mos- 
quito breeding. Residual water was oiled until it dried up. Permanent ponds 
were stocked with fish (^Gamhusta ajfjinis), and the water containers about the 
place either emptied or treated with larvicide. A few hundred dollars spent 
on drainage and oiling promptly stopped a loss to the proprietors, and in ad- 
dition contributed greatly to the comfort of the patients at the resort. 

These two illustrations could be multiplied almost indefinitely with 
examples ranging from a very minor economic loss to a total loss oil 
a considerable investment. 

There is no question that outdoor amusements also suffer mate- 
rial losses from invasions of mosquitoes. As an example, the receipts 
of the Oakland (California) municipal golf links were markedly re- 
duced in the summer of 19S9, as a result of a severe infestation of 
salt-marsh mosquitoes (Aedes dorsalis). Table 3 gives the monthly 
I'eceipts of the links for the years 1928-31, It will be observed that 
the receipts increased in 1928 to 1930, and began to decrease in 1931 
as a result of the depression. However, the months of June, July, 
and August (the months of greatest oi Aedes dorsalis in 

this region) show a distinct picture of reduced attendance. In 1928 
and in 1930 there Were average crops of Aedes but 1929 

was a year of great output. Judging from the hatch of tindrained 
marshes in the southern part of Alameda County, 1931 was also a 
year of large output, but by that time the mosquito abatement dis- 
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Tabi,e 3., MontWy receipts of Oakland,, California,, municipal golf course in 
1920, a year of great mosquito prevalence, compared with receipts 
of preceding and subsequent years 


Month 

1928 

1929' 

1930 

1931, 

January 

$ 2,221.50 

$ 2,254.75 

$ 2,688.00 

$ 3,851.60 

February 

2,653.75 

3,166.75 

3,397.50 

3,735.75 

March 

2,607.75 

. 2,570.25 

3,839.00 

4,540.75 

April 

2,659.76- 

V ■8,294.60 

3,428.50 

4,311.75 

May 

3,974.00 

6,051.50 

4,351.25 

3,209.00 

June 

3,226.00 

' 3,865.50 

5,003.75 

4,925.7.5 

July 

4,041.50 

2,830.00 

5,lf>1.50 

4,625.75 

August 

4,203.75 

2,923.25 

4,983.50 

6,617.00 

September 

3,435.65 

8,692.00 

5,658.00 

4,875.75 

October 

2,543.50 

8,631.25 

4,180.75 

8,745.60 

November 

2,033.50 

2,608.75 

2,804.00 

3,062.25 

December 

2,269.75 

. 2,980.25 

8,910.25 

1,642.26 

Total 

$85,869.40 

$38,863.75 

$49,245.50 

$48,733.00 

June 1 





July A 

August I 

$11,680.90 

$ 9,445.25 

$15,693.50 

$16,108.60 


trict had succeeded in draining the marshes ajflcef ing Oakland. The 
district did not begin drainage operations until Sept ember IDBO, 
too late to have any effect on the mosquito output for tliat year. An- 
other item of interest is the small receipts in March 19f2!). .March is 
the month of migration of Aedcs and a ]?articiilarly se- 

vere flight occurred in March 1929, adversely affecting the attend- 
ance in the latter half of the month. 
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LAWS AND AGENCIES FOR MOSQUITO ABATEMENT 


If MosQi-'iTo control is to be successful, some organisation must be 
made responsible and be equipped with tlie necessary aiiiliority and 
means. It is possible to use existing political organisations for this 
purpose, but the practical difficulties are at times considerable, as 
few existing political entities matcli in their boundaries tlie mosquito- 
infested areas whicli should be treated as units. For tliat reason dif- 
ferent types of organizations have been established b}* laws in vari- 
ous states. 

New Jersey was faced with a practically state-wide mosquito prob- 
lem, wliicli required coordination as a whole for effective control. The 
state could have solved the problem by establisliing a state depart- 
ment of mosquito abatement, the cost of whieli would have Iseen de- 
fraj’^ed by a state-wide tax. Instead, New Jersc}’ elect^ai to make it 
compulsory for each county to establish a mosquito aljatement or- 
ganization, and to defray the costs by county taxation. Coordination 
was provided making an appointive state official an ex-officio 
member of the commission in each count3q with control over the kind 
and airioimt of W'ork to be done. 

In California, in contrast, the mosquito problem is localized in cer- 
tain areas and is not state-wide, therefore the organization of such 
districts is optional. The districts do not necessarily correspond witli 
counties as units ; they may include a part of a county or contiguous 
parts of two or more counties. There is no compulsory state coordi- 
nation and control and as a result many areas in which mos(]<iitoos 
are a considerable nuisance have no organization for abatement, to 
their own detriment and the anno^mnee of adjacent areas; ah>o souu; 
districts have been organized which are so small and which have such 
restricted funds as to be rather ineffective in their (i])cr.a{ ions. 


5PECLIL ANBlCOmm 'dGMNCIF.S 

The general types of mosquito abatement agencies organized along 
county and district lines can be illustrated by brief descriptions of 
the enabling acts in several states. 
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The NEW JERSEY I.AW, 

New Jersey, so far as we are informed, was the first of the United 
States to set up a separate and distinct governmental unit for the 
control of mosquitoes. As early as lOOI? (Chapter 119, Laws of 
1904) , New Jersey decreed that water in which mosquito larvae breed 
■was a public nuisance abatable by the local boards of health, and that 
if abatement was not performed by the property owner upon due no- 
tice, then the abatement could be performed by the local board of 
health, and the cost made recoverable by^ an action of debt against the 
offending owner. 

This procedure, following the old accepted legal formula for the 
abatement of nuisances, overlooked entirely the time element which is 
so important in mosquito control. Other governmental mechanisms 
and methods had to be devised which would be more workable and 
efficient than procedures under the public nuisance formula. By 
Chapter 164, Laws of 1906, New Jerse}^ made it the duty of tlie di- 
rector of the state experiment station, through an assistant appointed 
by him, to examine all the salt-marsli areas within the state, to indi- 
cate on a map the mosquito breeding marshes, and to prepare an esti- 
mate of the cost of abatement. It was also made his duty, on request 
of any local board of health, to locate and report upon, with a map, 
fresh-wmter mosquito breeding places within the jurisdiction of the 
local board. The method of abatement still continued under the nui- 
sance formula, except that provision w^as made that if, in the case of 
salt-marsh mosquito breeding, the owner did not comply on due no- 
tice, or if it was deemed inexpedient by the local board of health to 
depend upon compliance by the property owmer, then the cost of 
abatement could be defrayed by the municipality or county if local 
funds were available, or if not available application for funds could 
be made to the director of the state experiment station. 

If it appeared to the director that it was in the public interest to 
do so, be could, out of the money appropriated annually by the state 
legislature for the purpose (not exceeding an aggregate total for ail 
years of $650,000) , proceed to abate mosquito breeding in infested 
areas under the direct supervision of some person appointed for the 
purpose by the local board of health. Provision w’^as made also for the 
state and the local government unit jointly to defray the cost of 
abatement. 



28, ■ BfOSQUITO GONTfiOL . . 

, As procedure u.iicler.tlie 1906 act proved to be, too cumbersome, a 
law was passed (Chapter 104, Laws of lOlS, later amended iii vari- 
ous ways) ,providiiig for the organization of comity mosquito exter- 
minatioii commissions. It-, was made the duty of the siiate supreme 
court justice presiding over -the, courts in any comity to appoint six 
persons, as commissioners who serve without salaiy. The director of 
the state, experiment station was made ex-officio a member of each 
county mosquito extermmation commission, mid later (1915) the 
state director,.of health was made an ex-officio niember. The commis- 
sions were given power to employ assistants and to take necessary 
steps to, eliminate mosquito breeding places within tlieir county. 

, Chapter 142, Laws of- 1 Pit, the scope of the law was further 
modified to abate fresh-water as well as salt-marsh mosquito breed- 
ing; and the director, of the. state experiment station was given 
power on his own initiative to institute and defray tlie cost of abate- 
ment of mosquito breeding places found within muiiicipalities, Tlie 
$850,000 limit of expenditures was removed: and tlie mosquito ex- 
termination commissions were given tlie same powers as healib offi- 
cials, in respect to mosquito abatement. Two excellent provisions 
were added to the 19^B7 amendment. In one the director of the state 
experiment station, is required to carry on iiivestigalions into life- 
histories, habits, and methods of control mosquitoes; in the other 
he is directed to spread information as to metho^ls of mosquito .abate- 
ment among the people of the state. 

The county commissions yearly present to the director of the state 
experiment station a detailed estimate of the amoiuit of money re- 
quired for mosquito abatement work in tlieir counties for the ensuing 
calendar year, together with a plan of ivork and the methods to be 
used. The director of the state experiment station can approve, 
modify, or alter these estimates, and when approved by liim it be- 
comes mandatory upon the board of ^‘chosen freeholders” of each 
county to include the approved amount of money in the amuial tax 
levy. Certain limitations upon the tax are set, as follows : 


Total assessed valuation of county 
Less than $25,000,000 
$25,000,000 to $50,000,000 
Over $50,000,000 


Tax rate per $100 
of assessed vabiation 
10.0 cents 
5.0 cents 
2.5 cents 
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The money so raised by taxation is paid by the board of freeholders 
to the extermination commission from time to time as required, upon 
written demand of the commission. 

Table 4 (page SO) gives data as to budget appropriations, gross 
and unit, of the New Jersey districts in 19S2!. 

The CALIFORNIA LAW 

Under the California act (adopted in 1915, extensively amended 
in 193*7 and 1941, and affected by the Districts Investigation Act of 
1933) any contiguous territory, within one or more counties, may be 
organized upon a petition, signed by resident voters in the proposed 
district equal in number to at least ten per cent of the votes for gover- 
nor at the last election. 

After filing the petition, a report must be prepared by a com- 
petent person, showing the public necessity of the proposed district, 
estimating its probable annual costs, and setting forth the name and 
address of each taxpayer in the proposed district, his assessed valua-^ 
tion, and his probable tax. A notice of the time and place of hearing 
on the petition must then be mailed to each taxpayer, in addition to 
a published notice. 

The cost of these preliminaries is covered by a bond executed by 
the proponents of the district. If the district is formed, the organiza- 
tion costs are paid by the Board of Supervisors ; if it fails, they are 
paid by the bondsmen. 

Upon a public hearing, the board of supervisors of the county in 
which the proposed district is situated then determines whether the 
public interest requires the formation of a mosquito abatement dis- 
trict, and if it so determines, it by resolution organizes the district, 
fixes its boundaries, and determines its name. 

The act provides for the annexation of contiguous territory upon 
a ten per cent petition and a hearing before the board of trustees 
of the district. The procedure is simple and requires no review or 
control by any other public body, except that if there be any incor- 
porated municipality or any part of a municipality within the pro- 
posed district, the city council thereof must by resolution approve 
the inclusion within the district. 

The district when formed is governed by a board of trustees. If 
there are no incorjiorated municipalities within the (district, the county 





Table 6. California mosquito abatement districts’ appropriation for 1982--83 
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WestSide 1931 ~ 433 60,958,050 18,287 - 41 .03 

Total or average - - $630,091,690 $155,136 $.188 $48 $.0246 

Note. A dash means that the figure was not available. 


82 MOSQUITO CONTROL 

board of supervisors appoints five trustees, who serve for two-year 
terms. If any incorporated municipalities are within the district, the 
city council of each appoints one trustee, and the board of super- 
visors any remainder to make up five; if there are four or more mu- 
nicipalities, the board of supervisors appoints only one. 

The trustees serve %vithout salary, though any expenses incurred 
on account of official business of the district are refunded to them. 
The secretary of the board may he paid such compensation as is de- 
termined by the board, but few districts have paid their secretaries. 
This requirement that the trustees serve without salary has been one 
of the best features of the act, as it has removed any temptation to 
mere politicians, and has attracted a high type of citizen who will 
serve his community out of public spirit. 

The board of trustees manages the affairs of the district, employs 
the personnel, and fixes the annual budget. It sends the budget to the 
board of supervisors, which must levy a special tax (not exceeding 
fifteen cents on each one hundred dollars of assessed valuation in the 
district) sufficient to raise the amount set in the budget. The money 
so raised by taxation is collected by the county tax collector with the 
general county taxes, and by him paid to the county treasurer, who 
holds it in a trust fund, from which expenditures of the district are 
defrayed upon drafts drawn by the board of trustees of the district. 

In addition to the twenty-five districts organized under the Mos- 
quito Abatement District Act, two districts for the abatement of mos- 
quitoes have been organized under the Pest Abatement District Act 
of 1937. The procedure of organization is similar but is less elabo- 
rate, and the organization costs are much less to the proponents, in 
that the report and bond are not required. The petitioners for the 
district must designate the particular pest to be abated. The trustees 
of the district are under closer financial control by the board of super- 
visors than are the trustees of the mosquito abatement districts. 

Table 5 gives the budget appropriations, gross and unit, of the 
California districts for 193^-33. A comparison of the operating 
costs of the New Jersey districts with those of the California dis- 
tricts (Tables 4 and 5) discloses several interesting facts of general 
application. As might be expected, districts in different regions ex- 
hibit wide variations in unit costs and in tax rates. The New Jersey 
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districts make a better showing from a tax rate viewpoint than the 
California districtss due to differing conditions. The New Jersey dis- 
tricts have a much larger rate base of valuation ; only two California 
districts exceed the lowest valuation of any New Jersey district. Pre- 
sumably, alsoj the New Jersey districts have been established longer, 
and have long since completed most of the large initial expenses of 
marsh drainage wloich many of the smaller and younger California 
districts have not yet done. On a population basis, as would be ex- 
pected from the considerably denser population in New Jerse}’', the 
New Jersey districts show a lower per capita cost, and the California 
districts a lower cost per square mile of area. These variations in unit 
costs and tax rates need to be interpreted in the light of the local con- 
ditions in each district, and may not be used as guides to probable ex- 
penditures elsewhere mthout such interpretation. 

Critical provisions op state laws 

The New Jersey law has worked well over the thirty-two years it 
has been extant. Part of the reason for its success has undoubtedly 
been the fact that all the districts have been subject to centralized 
direction and skilled technical advice through the director of the 
state experiment station. This judicious combination of local auton- 
omy with state coordination and research has made for efficient and 
skillful management and strong local interest, without acquiring the 
deadening effect of bureaucratic centralization. Destructive political 
interference has also been minimized, though it is not humanly pos- 
sible, regardless of the form of organization, entirelj'^ to avoid politi- 
cal influence upon any governmental body in a democracy. The poli- 
ticians overlook no jobs, no matter how small, nor how devious the 
ways required to place their adherents in them. 

The mechanism of tax levying adopted in New Jersey may in some 
other states rest on doubtful legal foundations, in that the tax is a 
mandatory levy, proposed by a non-elective commission, approved 
by an appointive administrative official, and presented to the elective 
tax-levying body with no provision for amendment or rejection by 
the elective board which actually imposes the tax. A somewhat simi- 
lar provision occurs in the California act, under which the boards of 
trustees of the districts (which are appointive and not elective) pro- 
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pose annually to the board of supervisors a sum of money required 
for district purposes during the ensuing fiscal year, which sum the 
board of supervisors is required to raise by a special tax levy, within 
a maximum limit of fifteen cents on each one hundred dollars of as- 
sessed valuation. 

Such exercise of the taxing power by appointive and non-elected 
boards or commissions has been construed in various ways by various 
courts. Possibly the decision as to constitutionality will depend on 
whether the state was organized first, all local powers being derived 
from the state, or whether the state was originally a confederation 
of smaller local units. As it concerns mosquito abatement districts 
specifically, there do not appear to be any judicial decisions extant. 
The numerous decisions concerning special improvement districts, 
such as drainage districts, irrigation districts, water districts, fire 
districts, and the like, seem in general to recognize the power of the 
legislature to delegate the taxing power to these districts in such man- 
ner as appears expedient and desirable, provided no provision of the 
state' C0nstitutiGn''iS" violated.,; ■ 

The purpose of making the tax requests of the mosquito abate- 
ment districts mandatory lipoii the local taxing authority undoubt- 
edly has been to minimize political pressure upon the trustees of the 
districts. Whoever determines the amount of money to be spent also 
can determine who shall be employed, and the nature and extent of 
the work done. If the boards of supervisors controlled the amount of 
the tax, they would have control over the districts, without respon- 
sibility, and leave to the district trustees merely responsibility shorn 
of actual power. 

Wliere it appears to be desirable to govern mosquito abatement 
districts by appointive, non-political boards of trustees with manda- 
tory taxing pow'^ers, the law should be most carefully drawn in order 
that there may be no legal difficulty over the exercise of such power. 
The best legal counsel should be consulted in preparing the draft of 
the legislative act. 

This provision of a mandatory tax proposed by a non-eiective 
board, in spite of criticism in some instances, has worked well in 
practice. It has not resulted in excessive taxation, and the appointive 
boards appear to have been at least as responsive to public demands 
for restraint in taxation as any elective agencies of government. 
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Tile New Jersey act sets forth the powers of the mosquito extermi- 
nation commissions as follows : 

Each such commission shall have the power to eliminate all breeding places 
of mosquitoes within the county wherein it is appointed, and to do and per- 
form all acts and to carry out all plans which in their opinion and judgment 
may be necessary and proper for the elimination of breeding places of mos- 
quitoes, or which may tend to exterminate mosquitoes within said county. 

By the powers conferred under the California act (194!l) , the dis- 
trict board may : 

1. Take all necessary or proper steps for the extermination of mosquitoes, flies, 
or other insects either in the district or in territory not in the district but so 
situated with respect to the district that mosquitoes, flies, or other insects 
from such territory migrate into the district. 

2. Subject to the paramount control of the county or city in which they exist, 
abate as nuisances all stagnant pools of water and other breeding places for 
mosquitoes, flies, or other insects either in the district or in territory not in 
the district but so situated with respect to the district that mosquitoes, flies, 
or other insects from such territory migrate into the district. 

3. Purchase such supplies and materials, employ such personnel and contract 
for such services as may be necessary or proper in furtherance of the ob j ects 
of this chapter. 

4. If necessary and proper, in the furtherance of the objects of this chapter, 
build, construct, repair, and maintain necessary dikes, levees, cuts, canals, 
or ditches upon any land, and acquire by purchase, condemnation, or by 
other lawful means, in the name of the district, any lands, rights of way, 
easements, property, or material necessary for any of those purposes. 

3 . Make contracts to indemnify or compensate any owner of land or other 
property for any injury or damage necessarily caused by the use or taking 
of property for dikes, levees, cuts, canals, or ditches, 

6. Enter upon without hindrance any lands, within or without the district, for 
the purpose of inspection to ascertain whether breeding places of mosqui- 
toes, flies, or other insects exist upon such lands ; or to abate public nuisances 
in accordance with this article; or to ascertain if notices to abate the breed- 
ing of mosquitoes, flies, or other insects upon such lands have been complied 
with ; or to treat with oil or other larvicidal material any breeding places of 
mosquitoes, flies, or other insects upon such lands. 

7 . Sell or lease any land, rights of way, easements, property, or material ac- 
quired b 3 '‘ the district. 

8. Do any and all things necessary or incident to the powers granted by, and to 
carry out the objects specified in, this chapter. 
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to certain specified duties and powers, the districts have the duty and 
power to perform such acts as are necessary and incident to the re- 
quirements of mosquito abatement. Such language is vague and in- 
definite, and may be intei^preted narrowly or broadly according to 
the disposition of attorneys or judges. One essential power is omitted 
f rom the New J ersey act which should be specifically included in every 
mosquito abatement law. This is the power of duly appointed and 
authorized employees of mosquito abatement districts to inspect at 
reasonable times, wdtliout interference or obstruction, any premises 
within the district for the purpose of ascertaining whether mosquito 
breeding exists upon any property. As this power of inspection is 
absolutely fundamental to successful mosquito control, it should be 
included in any mosquito abatement act in specific terms. 

Another power appears to be highly desirable, namely permission 
to perform mosquito control work outside the district boundaries on 
lands breeding mosquitoes which may migrate into the district. Many 
districts have to do work outside their boundaries in order to protect 
their own inhabitants adequately; in some cases this is strictly ille- 
gal, and if done must be performed through subterfuge or camou- 
flage. 

A further desirable provision, added to the California iaw^ in 194d, 
makes it a misdemeanor for anyone to damage or tamper with any 
works for mosquito abatement, or to interfere wuth anj’’ wmrk of the 
districts. 

The UTAH LAW 

The Utah mosquito abatement law' (Chapter 90, Laws of Utah 
19S3, amended 1931) is one of the best and simplest state laws on 
this subject. It follow's the general outline of the California law', but 
with less mere verbiage. A 1939 amendment permits the Utah dis- 
tricts to perform control work outside district boundaries when neces- 
sary to protect the people within the district. 

The ILLINOIS law' 

The Illinois mosquito abatement district act (adopted in 19^7) 
provides for the organization of mosquito abatement districts upon a 
petition of five per cent of the legal voters within the proposed dis- 
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trict. The petition is addressed to the judge of the county court j who 
upon a hearing held within twenty days after the petition is filed 
with the comity clerk determines whether the public health and wel- 
fare require the formation of such a district. He also determines the 
boundaries of the proposed district. 

If the decision of the county judge is faYorablej he calls an election 
upon the question, to be held witliiii thirty days after the entry of his 
decision upon the records of the county court. If a majority of the 
qualified voters present and voting vote affirmativeljq the district be- 
comes organized as a bod}’’ corporate and politic. Within ten days 
after such organization the county judge appoints a board of trus- 
tees of the district, consisting of five members, of whom one is elected 
by the board of trustees as its treasurer and handles the district 
funds. There is apparently no provision for bonding the treasurer. 

The Illinois act has the peculiar feature of requiring, for organi- 
zation of a district, not only a public hearing before the county 
judge and his determination of the public necessity of such a dis- 
trict, but also an election. If an election is to be held, the hearing be- 
fore the judge would seem to be legally superfluous. There is no rea- 
son that judges’ flndings concerning such things as necessity and 
convenience in matters of public health and welfare should be ^'^con- 
clusive and not subject to revie’w.” Under the Illinois act venal 
judges could use the mosquito abatement districts, throiigli control 
of appointments, to strengthen their political organization. Such ap- 
pointments would have no relation to economy or efficiency in the ac- 
tual abatement of mosquitoes. 

The RHODE ISLAND LAW 

The 19S4! General Assembly of Rhode Island passed an act by 
which any local community may call to the attention of the state 
commissioner of agriculture the presence of mosquitoes in numbers 
sufficient to constitute a public nuisance. Thereupon the commis- 
sioner investigates and prepares plans for abatement, which plans 
are presented to the governing body of the local community for ap- 
proval or modification. When finally approved by the commissioner 
and the local governing body, the commissioner provides trained en- 
gineering and entomological supervision, and the local communitT 

the labor. J 
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of one cent on each dollar of assessed valuation. State expenditure is 
limited to twenty per cent of the total cost. 

In 194S, owing to labor shortage and other factors j the local com- 
munities declined to continue responsibility and funds for main- 
tenance, the legislature did not provide maintenance appropriations, 
and therefore maintenance on drainage projects practically ceased, 
with resulting mosquito annoyance.^ 

The MISSISSIPPI LAW 

The Mississippi mosquito abatement law became effective in April 
19^8, and was limited to the abatement of mosquito breeding in the 
counties along the Gulf of Mexico and the Mississippi River. It pro- 
vides for the usual board or commission, of three members, with the 
state health officer an ex-officio member. Appointment of the commis- 
sion is made by the county board of supervisors, and is permissive 
and not mandatory. Two or more counties may combine to employ 
the same personnel to carry on the work. Financial control is in the 
hands of the count}^ supervisors who may appropriate annually not 
more than fifteen cents on each $100 of assessed valuation in coun- 
ties having an assessed valuation of less than $S0,000,000 ; or not 
more than ten cents on each $100 in counties having more than $S0,- 
000,000 assessed valuation. 

Each commission anniiallj^ submits to the state health officer and 
the board of supervisors a plan of operations and estimate of cost. 

The law supplements the control measures against Anopheles mos- 
quitoes (which are presumed to be undertaken by the county health 
departments in malarial areas) and is directed primarily against 
non-vector pest mosquitoes. 

The FLORIDA LAW 

The Florida law provides for the county as the unit for mosquito 
abatement distficts (called “anti-mosquito districts’’ in Chapter 
18570, Acts of 19S9). The districts are organized on an election 
called by petition of ten per cent of the resident freeholders of tlie 
county. In counties having more than 65,000 population, the board 
of county commissioners acts as the board of the district ; in counties 
of less than 65,000 population, a separate board of three citizens 
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may be established by election. The only qualification for these three 
commissioners, as stated in the act, is that they be ‘'^discreet.” 

These anti-mosquito commissioners serve without compensation, 
but their actual expenses incurred in the conduct of their work are 
defrayed by the district. The state board of health has direct control 
over the work of the various districts through the power of approval 
of plans in each calendar year; and a representative of the board is 
an ex-officio member of each commission. By law the district expendi- 
tures are limited in counties of less than 65,000 population to not 
less than $10,000 nor more than $^0,000, and in counties of more 
than 65,000 population to not less than $20,000 nor more than $50,- 
000, as determined by the district commissioners. Taxes are levied 
by the tax assessor and state comptroller, and when paid to the 
county treasurer are remitted by him to the commissioners of the dis- 
trict. The designation of maximum and minimum fixed sums for taxa- 
tion is a variance from the usual procedure of setting a maximum 
tax rate. 

The district boards appear to have about the usual powers granted 
to such boards in other states. They are given, however, two powers 
which we do not Believe should be granted. One is the power to make 
rules and regulations not inconsistent with law which may be neces- 
sary in their opinion for the proper enforcement of the act, subject 
to approval by the state board of health. We believe that adminis- 
trative local boai’ds of this type should not be given quasi-legislative 
powers. If rules and regulations are required supplementary to tlie 
anti-mosqnito district act, they should be of uniform and general ap- 
plication, and promulgated by the state board of health. The other 
questionable power is the right to borrow money in anticipation of 
tax receipts. We believe that such power is so frequently abused that 
it is not in the public interest to permit governmental bodies to ex- 
pend or contract for the expenditure of money unless the cash be 
presently in hand to defray such expenses, except upon bond issues 
diih^mted by the electorate. 

The XE^V YOUK LAW 

Mosquito extermination commissions may be appointed in any 
county in New York State (not including New York City) . Upon 




The commission is directed to use every feasible and practicable 
means for the extermination of mosquitoes within the county ^ and for 
this purpose has the right to enter upon any land^ in the county to 
drain or treat them, and is authorized to perform all other acts neces- 
sary and proper for the elimination of mosquito breeding places, 
provided that such measures shall not be injurious to wild life. Be- 
fore entering upon any land, however, the commission must publish 
at least once a year, in a newspaper in the county, a general descrip- 
tion of the lands to be worked upon. Property owners are given the 
right of protest, and a public hearing thereon, but upon such hearing 
the decision of the commission is final, subject to claims for damage 
subsequently adjudicated in court. 

The commission annually on September first submits to the board 
of supervisors and to the state commissioner of health a detailed esti- 
mate of money required for the ensuing year and a plan of the work 
to be done, the methods to be employed, and a description of the 
lands, with the names of the owners, upon which the work is to be 
done. The board of supervisors has power to amend or alter these 
estimates, plans, and methods, and when it finally approves them it 
includes in the county tax the approved sura for the use of the com- 
mission, provided that in counties of less than forty million dollars 
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assessed valuation the tax rate shall not exceed ten cents on each 
$100, and in counties having more than forty million dollars assessed 
valuation, the tax shall not exceed three and three-fourths cents per 
$100. The tax receipts are paid by the county treasurer to the treas- 
urer of the commission, on the commission’s requisition. 

The commission is required to submit an annual report of its work 
to the state commissioner of health and to the board of supervisors. 

The provisions of the act by which it is necessary to list and pub- 
lish all properties upon which work is proposed to be done during the 
ensuing year, with the names of the owners and descriptions of the 
work to be done, appear to us to be an unnecessary and burdensome 
procedure resulting in excessive overhead cost. One of the things we 
have learned from experience is the comparative unpredictability of 
mosquito breeding (especially of Culeso pipiens ) , and the folly of too 
rigid a plan of procedure. Such a provision lacks the necessary flexi- 
bility for effective mosquito abatement, and in our opinion would 
tend to produce a legal formalism which would suppress initiative, 
adaptability, and resourcefulness on the part of the organization. 

The New York act differs fundamentally from the laws in other 
states, in that the county board of supervisors is for all practical 
purposes absolutely supreme in power over expenditures, personnel, 
and procedure. In actual fact the county mosquito extermination 
commissions have no real authority. Under the conditions laid down 
by the New York law we see no reason whatsoever for the existence 
of such commissions. All procedures would be far simpler if the com- 
missions were eliminated and the nominal powers now granted to the 
commissions were given back to the board of super\dsors, who could 
then carry on the work through a superintendent and suhordinate 
staff as direct employees of the boards of supervisors. A provision 
could be included by which the state commissioner of health would 
have power to review all plans, procedures, and budgets, so as to 
assure competent technical supervision of all work. 

COUNTIES AS MOSQUITO ABATEMENT AGENCIES 

Theoretically, there is no necessity for a separate and distinct 
governmental unit created for the sole or principal purpose of mos- 
quito abatement. In recent years such special agencies or districts 
have been criticized by persons unacquainted with past conditions, as 
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being unnecessary duplications in government. They may be dupli- 
cations, but apparently they are in practice the only means by which 
results can be obtained under the existing political organization. 

The great practical difSculty in getting county officials to act can 
only be appreciated by those who were active in mosquito abatement 
work ill its early days in the United States. The ignorance, the re- 
sistance to change, the unwillingness to do anything for the public 
health, at times even the venality of many county officials can hardly 
be believed unless actually encountered. Exceptions to this statement 
have occurred, but on the whole this situation today is not very 
greatly changed. 

It should be axiomatic that it is a primary duty of county health 
departments to carry out effective anti-mosquito measures in every 
area where a mosquito-transmitted disease is endemic or may become 
epidemic. Unfortunately, this is by no means the usual case, and in 
many cases where it now is true it has only been brought about by 
intervention in one or more forms by the state health de}:)artments or 
by the United States Public Health Service or by the Rockefeller 
Foundation operating through its International Health Division. 

When it comes to the matter of pest mosquito control, without any 
question of malaria or other mosquito-borne diseases being involved, 
the county officials are usually even more indifferent. Rural people 
are accustomed to insect pests, and with them a few mosquitoes more 
or less are a matter of no great importance. They are inured to a cer- 
tain amount of discomfort and will merel}^ grumble somewhat if mos- 
quitoes are especially prevalent: seldom will the idea that anything 
can be done about it cross their minds. 

Even if the idea does occur to them, their conservatism, or inertia, 
is very apt to prevent any effective action. Here again there are nu- 
merous exceptions, but when we realize how much of our rural area 
would be beautiful and desirable if it were not for unnecessary un- 
sanitary conditions (of which mosquito prevalence is only a single 
item) we cannot but wonder why such backwardness continues under 
civilized conditions. 

Another practical difficulty may occur in counties which have in- 
corporated municipalities within their boundaries, and which mahi- 
tain separate health departments, one in the county and one in each 
of the municipalities. In such cases, the municipalities usually exer- 
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cise exclusive health jurisdiction within their corporate limits, leaving 
to the county health department practically exclusive jurisdiction 
in the unincorpoi'ated areas. Whei’e there is no unified control and 
direction, mosquito abatement may be made impossible of successful 
prosecution. Mosquitoes (especiall}’' the salt-marsh varieties) have a 
complete indifference to political boundary lines, and their migrations 
cannot be influenced by an ordinance. 

There is no reason why the municipalities could not arrange with 
the county government to take over the abatement of mosquitoes 
within their boundaries. In some states provision is made, by law, for 
the joint exercise of common powers by two or more governmental 
agencies, and valid contracts may be made whereby one agency will 
perform certain services for several other agencies. In practice, how- 
ever, this is seldom done. It is possible, also, for two or more counties 
to cooperate in the control of a joint mosquito problem, but this like- 
wise is seldom done. 

Although there may be political difficulties in the way of effective 
countj'-wide mosquito abatement by counties which include incor- 
porated municipalities within their boundaries, nevertheless some very 
good mosquito abatement has been done by counties in their unincor- 
porated areas. In some southern states mosquito abatement wwk in 
the rural areas, under the dii'ect supervision of the county, has re- 
sulted in marked reduction in prevalence of malaria. 

County health depaetments as abatement agencies 

In the great majority of counties excellent mosquito abatement 
work could be done if the county health department were properly 
organized and directed and had on its staff at least one adequately 
trained sanitary engineer. Too frequently, however, the job of county 
health officer is held by some physician as a political sinecure ; be has 
no interest in public health, and no specific traming for it, and his 
principal work consists in giving medical treatment to the county in- 
digents, as a side issue to his private medical practice. Sanitary states- 
manship cannot be expected from such men. 

On the other hand, the county health department headed by a full- 
time health officer with specific public health training can and fre- 
quently does include mosquito abatement work in its program. The 


to abate only the vectors and ignores the non-disease-carrying types 
may become rather discredited in public opinion because mosquitoes 
are still prevalent in spite of an anti-mosquito campaign. 

There have been, it is true, strange exceptions to the previous 
statement. For example, we are informed that the Fair Oaks Dis- 
trict, in Sacramento County, California, discontinued operations 
after malaria had been extirpated from the district. The citizens of 
this district admitted that cnKcine mosquitoes were still present, but 
were prepared to endure tlieir presence in preference to raising even 
the moderate amount of taxes required. When they got rid of en- 
demic malaria they were satisfied. In this case, these people were in- 
telligent enough to distinguish between public health and public com- 
fort, but their standards of comfort were not hiffh. 

We are of the opinion that health departments in the future may 
not be able to ignore the mosquitoes which have heretofore been con- 
sidered to be m^ stated, recent studies have 

incriminated certain Mdes md Cide^ species as vectors of encepha- 
litis. We therefore are compelled to increase our list of vector species 
of mosquitoes of which health departments must take cognizance, some 
of which have heretofore been regarded as merely pests. 
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directed than county health departments, especially as regards sani- 
tation, and can as a rule handle local fresh-water breeding, espe- 
cially with the cooperation of the street or sewer department. In the 
larger cities special men can be detailed to this work. 

It is possible to have the mosquito abatement work performed by 
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a separate department of sanitation, as is sometimes the case, mos- 
quito abatement could be carried on by it. The street department 
might also do the work, but it would seem more logical to place 
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marsh or flood-water mosquitoes. Mosquito abatement, in its direct 
application at least, has therefore been commonly a function of local 
government, rather than a state or national function, and this seems 
logical. We have heard on several occasions the Criticism that mos- 
quito abatement should be state-wide, directed and financed by the 
state government, but in that opinion we cannot agree, except as it 
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applies to tropical areas where mosquitoes aocl niosc|uito-bori!e dis- 
eases are ribiquitous. In states such as New Mexico and Arizoiiaj 
having. extensive arid areas where popiiktion.is voi^, sparse and where 
mosquito breeding is confined to river bottoms and irrigated valleys, 
state-wide mosquito control would be, in our opinion, illogical and 
uneconomical. 

, In, such very small states as. Rhode Island, Delaware, and Connecti- 
cut, state-wide mosquito abatement would appear to be logical. Con- 
necticut, for example, has less salt-marsli mosquito breeding area than 
one California county. 

This Connecticut law 

Connecticut does not make provision for mosquito abatement dis- 
tricts, but places the actual work under the supervision of the direc- 
tor of the agricultural experiment station. The size of the state is 
such that the salt-marsh mosquito problem can be handled from one 
central state office. Local cooperation is provided for in the following 
manner. 

Any township or community may provide funds for marsh drain- 
age, and if this work is done to the satisfaction of the director of the 
agricultural experiment station and accepted by him, it is thereafter 
maintained by the state out of an appropriation of $12,500 annu- 
ally provided for this purpose. In 193I< Connecticut had about 12,- 
000 acres of marsh drained and accepted ; about 8000 acres drained 
but not accepted ; and about 5000 acres requiring drainage. Their 
drainage costs have run from ten to fifteen dollars an acre, and niain- 
tenan ce costs about one dollar an acre per annum. Four small main- 
tenance crews are employed on the salt-marsh maintenance. Fresh- 
water breeding is handled by the local communities, without state as- 
sistance. Funds for mosquito control in Connecticut have been inade- 
quate for many years, but recently the annual appropriation has been 
somewhat increased.^ 

State supeswision 

State supervision, and indeed a considerable measure of state con- 
trol over local mosquito abatement work, is in our opinion highly de- 
sirable. In the first place, many local districts would be unable, on 
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account of financial limitations, to employ highly skilled technical 
direction of their work, and the work must be performed by men who 
are less skilled but capable of doing satisfactory work under super- 
vision. The state, on the other hand, can employ the few highly skilled 
supervisors necessary, and by using their services efficiently can ob- 
tain the maximum value from their specialized training and experi- 
ence. In the second place, with state supervision, greater efficiency can 
be obtained from the local units through the introduction of im- 
proved methods, the analysis and comparison of unit costs, and the 
exchange of information between districts. 

The logical department for such supervision by the state would 
appear to be the bureau or division of sanitary engineering in the 
state health department. There is so much engineering connected 
with mosquito abatement that this work would fit naturally and easily 
into such a bureau. Furthermore, the type of training (including 
biology and bacteriology) given to sanitary engineers in the more 
adequate universities is such that they can readily learn and apply the 
entomological principles involved. In many state divisions of sanitary 
engineering the addition of an entomologist to the staff is all that 
would be necessary; in others, especially if undermanned, one or 
more additional sanitary engineers may be required. It is also advis- 
able and mutually beneficial to have a medical entomologist in the 
state university attached to the bureau staff as consulting ento- 
mologist. 

However, a word of caution in regard to sanitary engineers (some- 
times designated “public health” engineers) is in order. Many of 
them are products of colleges which give their engineering students 
little training in biological subjects. As a result, their viewpoint is 
much too mechanistic, and they require considerable additional train- 
ing or re-training before they are of appreciable value in mosquito 
control work. 

State supervision should include in its function the training of lo- 
cal mosquito abatement men in their duties. Such men could be 
brought to a central point at some time during the winter months for 
intensive courses designed to give them (through laboratory work, 
lectures, demonstrations, assigned reading, and examinations) a 
working knowledge of mosquito species, their life histories and habits, 
and control methods. The departments of entomology, hygiene, pub- 




cation of the public as to the necessitj and benefits of mosquito abate- 
ment was intensively carried on by the university with the cooperation 
of the state health department, until their efforts ultimately resulted 
in the passage of the mosquito abatement district act. 

The University of California also sponsors the annual conference 
of mosquito abatement officials in tlie state (now the California Mos- 
quito Control Association) which is of great educational value, and 
has helped to build an esprit de corps among these men. The proceed- 
ings of the annual conferences have been published in mimeographed 
form. 

The New Jersey Mosquito Extermination Association, an unoffi- 
cial organization of mosquito abatement personnel in New Jersey, 
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holds annual meetings in March. The papers and discussions at these 
meetings are of great value, and are published annually in printed 
•iorm. 

The Eastern Association of Mosquito Control Workers, which 
meets annually or oftener, publishes Mosquito News, a quarterly 
which contains articles and news items of general interest to mosquito 
control workers. 

FEDERAL AGENCIES 

Three federal agencies in the United States, exclusive of the mili- 
tary forces, concern themselves to some extent with mosquito abate- 
.ment. . 

The Bureau of Entomology and Plant Quarantine in the Depart- 
ment of Agriculture has generally confined its activities in this field 
to research, and to extension work through the land-grant universities 
and agricultural colleges. An exception to this limitation of its ac- 
tivities occurred during the winter of 1938~S4, when under the Civil 
Works Administration the bureau sponsored and directed mosquito 
abatement work^ in many of the states. Principally work of perma- 
nent value, such as ditching, filling, and dyke construction, was un- 
dertaken. On February 15, 19fi4, this work was turned over to state 
sponsoring bodies, such as state health departments or state ento- 
mologists, until the conclusion of the emergency relief work in April. 
Though tliis program was intended primarily as an emergency meas- 
ure for the relief of unemployed persons, and though the projects 
in many cases were hastily improvised, with inadequate engineering 
planning and entomological investigation, and suffered from govern- 
mental red tape, confusion of authority, and constantly changing 
rules and regulations, much good and useful work from a mosquito 
abatement viewpoint was accomplished. This work was continued un- 
der various relief agencies until about 1941, but while some work was 
well planned and directed, our impression of much of it was un- 
favorable. 

The Bureau of Entomology and Plant Quarantine has done most 
commendable educational work through its bulletins dealing with 
mosquitoes. Its farmers’ bulletins oh the sub ject have been widely 
distributed and have contributed greatly to a public understanding 
of the mosquito problem. A former chief of the bureau, Dr. L. O. 
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Howard, was one of the pioneers in this field and did a great deal to 
popularize exact knowledge about mosquitoes and their habits. 

The National Park Service carries on mosquito abatement work 
in the various national parks. Many of these parks are in high moun- 
tainous regions where the prevailing species of mosquitoes (Aedes) 
are especially difficult to combat successfully. In spite of the difficul- 
ties, the National Park Service with the cooperation of the United 
States Public Health Service has done a good job of mosquito abate- 
ment, and has greatly mitigated one of the worst drawbacks to se- 
rene enjoyment of these great vacation lands. 

The Public Health Service on its own account has had a very dis- 
tinguished experience in mosquito abatement work, both in practical 
measures and in research. It has been especially helpful in encourag- 
ing mosquito abatement work in the southern states where malaria is 
or has been endemic. Unfortunately, the service has not published a 
record of its accomplishments in mosquito control in cooperation with 
the various states. 

During the first World War (1916-18) this service, under the 
designation of Extra-cantonment Sanitation, performed a large 
amount of mosquito control work in the vicinity of military estab- 
lishments. In the present war, a division entitled 'Malaria Control in 
War Areas (MCWA) is operating in a similar manner, and is in- 
cluding Aedes aegypti control in addition to Anopheles control. Valu- 
able new technical information and practical procedures are being 
developed by this division. 

The Public Health Service maintains an office of malaria investi- 
gations, which is engaged in mosquito control studies incidental to 
investigations into the control of malaria. The Service has had among 
its personnel two men who have been outstanding in mosquito abate- 
ment work, the late Dr. H. R. Garter and Mr. J. A. LePrince ; both 
have had a conspicuous part in the development of mosquito control 
methods. 

NON-GOVERNMENTAL ORGANIZATIONS 

Several types of non-governmental organizations will upon occa- 
sion take active steps for the abatement of mosquitoes. In general, 
however, such organizations usually take the lead in initiating the 
work and in demonstrating its practicability and the value of its re- 
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suits, eventually turning the job oyer to some governmental agency 
to carry on. This has frequently occurred in regions where the local 
government was too “conservative” to take up a “newfangled no- 
tion” until public opinion was so strongly in favor of the work that 
the local government was forced to perform it. 

In many communities a local organization such as the chamber of 
commerce, or a service club, or a women’s club has taken the lead in 
initiating a mosquito abatement campaign. Such a club will endeavor 
to finance the work by means of public subscription or by various 
money-raising devices such as amateur theatrical performances, tag- 
days, and the like. This can be done for the first year with moderate 
success, but by the second year the financial returns from such meth- 
ods become small and will almost entirely fail in the third year. Such 
community campaigns should be undertaken only for the purpose of 
demonstrating the practicability and desirability of mosquito abate- 
ment work, and with the intention of turning it over to the local gov- 
ernment for continuance in subsequent years. The campaign should 
be not only a practical demonstration but an education of public 
opinion and a political drive upon the officials to compel them to take 
up the work. These three aspects should be kept in mind throughout, 
or the real objective, which is an effective official continuance of the 
campaign, will be missed. 

Mosquito abatement has also been initiated and carried on occa- 
sionally by corporations with extensive land holdings, for their own 
direct benefit. In some cases, if the corporations did not do their own 
work, it would not be done at all; therefore they must do it as a mat- 
ter of self-protection. 

Frequently corporations will do certain types of drainage or oil- 
ing work on their properties as a measure of cooperation with vari- 
ous governmental agencies. Usually, the public service corporations, 
such as the railroads, electric light and power companies, and water 
companies, comply promptly and effectively with any reasonable re- 
quest for abatement of mosquito breeding, either on their properties 
or caused by conditions existing on their properties. Occasionally 
this cooperation is refused, but as a rule it is given cheerfully and 
promptly, as a matter of good public policy and enlightened self- 
interest on the part of the utility. Our experience with these companies 
has been so uniformly satisfactory pver a long period of years that 
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we are inclined to think that where cooperation is refused there has 
been some defect in the manner of presenting the request. In other 
cases corporations have been able to abate mosquitoes with greater 
efficiency and at less cost with their own employees than if the work 
was performed by the local government. This is probably one of the 
reasons why the United Fruit Company carries on such extensive 
anti-mosquito work on its various tropical plantations. 

Another type of non-governmental organization which engages in 
mosquito abatement work is the endowed philanthropic organization, 
of which the Rockefeller Foundation is a conspicuous example. The 
International Health Division of this foundation has carried on both 
practical mosquito abatement work and research in many malarial 
districts of the United States and other countries. In some cases it 
has performed the work directly with its own personnel and entirely 
at its own cost; usually it has furnished skilled planning and direction 
and shared the cost with the local government on a basis of graduall3r 
decreasing appropriations until the local community has absorbed 
the whole program. This form of promotion of mosquito abatement 
work has been on the whole very successful and beneficial, and though 
in some cases the community may fail to continue on an efficient basis 
after foundation support is withdrawn, nevertheless a community im- 
provement well worth the expense and effort has usually resulted. 

The brilliantly successful work performed by the Republic of Bra- 
zil in cooperation with the International Health Division in extirpat- 
ing A woplieZcs gambiae from certain areas in Brazil^ has been an out- 
standing achievement in methods as well as in results. 

In addition, the work of several of the International Health Divi- 
sion’s professional representatives in foreign (tropical) regions in 
past years has developed information which has been most valuable in 
the conduct of the present war. 

Attention should also be called to the work of the Ross Institute of 
Tropical Hygiene (London) and its various branches in the British 
Empire. Much of the work of the Institute is supported by contidbu- 
tions from mdustries and individuals, particularly those having 
tropical properties and interests. 

The Malaria Institute of India carries on research and demonstra- 
tions on malaria and mosquito control, and has contributed much to 
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. PRELIMINARIES TO ABATEMENT PROCEDURES 

Before any mosquito abatement is begun, it must be planned and 
organized, the proper personnel engaged, and adequate equipment 
and supplies provided. No matter how small the project, an adequate 
preliminary survey plus a well-conceived plan of operations is essen- 
tial to success and economy. The larger the project, the more im- 
portant it is that the preliminary work be well done. 

Mosquito abatement projects are quite frequently promoted by 
laymen or by professional men such as engineers or physicians, who 
have only a very general idea of abatement procedures. They are 
concerned about the prevalence of mosquitoes, want to get rid of the 
pests, and have heard that spraying oil will eliminate them. So a 
committee is appointed to look into the matter ; it finds out what 
laws, if any, are applicable ; and from various sources, which seldom 
furnish information based on any extensive experience in mosquito 
abatement work, gets estimates of the approximate cost and perhaps 
a general plan of procedure. 

Sometimes the state university or the state department of public 
health has a man on its staff who has had some experience in mos- 
quito abatement work. But too often an entomologist or an engineer 
or a physician from such an agency is called in, whose knowledge of 
the work is more theoretical than practical. As his time is limited, 
usually only a day or so is spent in looking over the local conditions, 
and as a result the report rendered may be based on inadequate data. 
The advice may be free, which too frequently is worth just what is 
paidforit. 

Under such conditions the results often are disappointing, or the 
cost exceeds the optimistic preliminary estimates. Even where abate- 
ment agencies have been organized as a result of a public agitation 
extending over a period of years, the tendency is to spend much ef- 
fort on public agitation, and very little on obtaining sound technical 
advice and adequate plans and cost estimates. 

PRELIMINARY SURVEY AND REPORT 

The services of an expert in mosquito abatement are most valuable 
in the preliminary stages for surveying the district and planning the 
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organization. The best available man should be secured and his fee 
paid cheerfully. Usually a fund for organization expenses has to be 
raised by public subscription, from which the fee should be defrayed. 
Since much of the work can be done by subordinates, the total num- 
ber of days of the expert’s time is moderate. 

The preliminary report should include data and recommendations 
on the following matters : 

1. The boundaries of the region which should be included within the 
project 

2. The population, area, and assessed valuation of the region 

3. The species of mosquitoes involved, with a brief discussion of their 
breeding habits 

4. The location and extent of the principal breeding areas 

5. Tentative suggestions as to the best method of control for each 
principal breeding area 

6. The amount and types of domestic mosquito breeding (such as 
Culex pipiens) within the region, and measures for its abatement 

7. The probable organizafion that will be required, including per- 
sonnel and equipment 

8. Eeasonably detailed preliminary estimates of cost, both for per- 
manent work (including capital outlays) and for regular maintenance; 
and comparative costs for areas of similar size and conditions 

9. The economic losses caused by mosquitoes in the area, and the eco- 
nomic savings which should result from adequate abatement measures 

One of the purposes of this book is to supply information which, 
combined with the data obtained in the field, can be used in the prepa- 
ration of the report. The detailed table of contents and index will be 
helpful in locating specific items. 

STEPS TO BE TAKEN IN PRELIMINABY 
ORGANIZATION WORK 

Selection OF PERSONNEL 

As soon as the project is organized, steps should be taken to ob- 
tain the proper personnel. The success of the work depends so greatly 
on the training and ability of the personnel that more care and 
thought should be given to this than to any other part of the problem. 

Board OF TRUSTEES 

If the work is to be supervised, especially as to policies and fi- 
nances, by a board or commission, the proponeiits of the project 
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should make the proper representations to the appointing power or 
powers so that only citizens who are outstanding for their character 
and ability wnll be appointed. The quality of the originally appointed 
board will set the example for future appoiiitmeiits. 

It is advisable to have the members of the board or commission se- 
lected in advance and to suggest their appointment to the appoint- 
ing authority. In making such a selection, it would be well to include 
an outstanding physician or two, an attorney (one who practices civil 
rather than criminal law), and the best civil engineer in the com- 
munity. If there are in the locality university men trained in ento- 
mology or in sanitary engineering, one of each should also be included. 
The remainder of the board should be successful businessmen or farm- 
ers who have a deserved reputation for unselfish public service. 

It is desirable that the board or commission should serve without 
compensation, except that any expenses incurred by them in the per- 
formance of their duties should be defrayed. In general, a non-pay 
appointment will be accepted by a much higher type of citizen than 
one to which a compensation is attached. In the latter case, there is 
too much temptation for mere political appointees. 

Executive ' OPMCER , ' 

The most important duty of the board or commission is the selec- 
tion of the executive officer. Upon his ability largely depends the 
success of the pro ject. If possible, a man should be obtained who has 
at least the following qualihcations : 1) successful experience in mos- 
quito abatement work ;S) administrative ability ; S) univei'sity train- 
ing in entomology and sanitary engineering ; 4) good personality. 

Agencies in large districts should be able to obtain such men, but 
in a small district they cannot as a rule afford to pay a sufficient salary 
to attract a Highly experienced man and must then engage a different 
type — ^more a working foreman than an executive. As a rule, a recent 
university graduate in sanitary engineering, wffio has had some train- 
ing in medical entomology, w^ould appear to be the best type for the 
small project. Such men usually will remain for but one or a few 
years, to gain professional experience, but they can be replaced. 

In recent years there has been a tendencj^" to employ university- 
trained sanitary engineers on mosquito abatement work, for both 
civilian and military projects, regardless of whether or not they have 
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had any training in medical entomology. Unfortunately, in many 
universities the training of sanitary engineers is deficient in the bio- 
logical sciences, and such graduates are apt to have too mechanistic a 
viewpoint for the most successful mosquito control work. 

The compensation for the executive officer will vary according to 
the size of the project, the complexity and difficulty of the abate- 
ment procedures, and the annual expenditures. It will vary also to a 
certain extent with the competence of the executive officer. In propor- 
tion to the annual expenditures for the work, the following range of 
annual salaries is suggested for the United States, based on the 1940 
buying power of the United States dollar : 


Over $100,000 per annum. . . . — .$6,000 to $10,000 

From $50,000 to $100,000 per annum $6,000 to $8,000 

From $26,000 to $50,000 per annum. $4,000 to $7,000 

From $10,000 to $25,000 per annum. .$3,000 to $5,000 

Less than $10,000 per annum. $2,000 to $3,000 


Projects with large areas (over SOO square miles), large populations 
(over 250,000), or especially difficult problems of abatement should 
tend toward the higher salaries, and projects small in area, or with 
small populations, or simple problems should tend toward the smaller 
salaries. Pay for trained men assigned to foreign or tropical service 
should be materially higher than the salaries suggested for the United 
States. 

In the first few years of work, the executive officer usually should 
be emploj’^ed on a full-time basis. After the principal problems have 
been solved and a smooth-running organization obtained, his employ- 
ment on a part-time basis maj’’ sometimes be sufficient. 

In the large project, the executive officer is primarily an adminis- 
trator, directing and coordinating the efforts of a staff of inspectors, 
foremen, and laborers, supervising the performance of various con- 
struction contracts, and handling the financial matters. He may have 
various technical assistants, such as entomologists and engineers, 
especially in the early stages of the work. He will need clerical assist- 
ance and should also have as an aid someone who can act as an edu- 
cational publicist. 

The direction of large-scale mosquito abatement requires marked 
ability as an executive as well as a unique combination of thorough 
knowledge of entomology, engineering, public health, and govern- 
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ment. No one man can completely fill these specifications; therefore 
the executive officer will have to be supplemented by assistants who 
are specialists in particular subjects. For this reason the staff should 
not be appointed until after the election of the executive officer is de- 
cided and should then be picked wdth the idea of supplementing the 
executive officer. 

It is interesting to observe that as far back as 1910 Ross^ advised 
that the staff for malaria-mosquito control projects should consist of 
a malariologist (medical), an entomologist, a sanitary engineer, and 
a statistician. 

Division foremen 

In large projects it is impossible for the executive officer to keep 
in immediate contact and direction with all the work. It is necessary 
to subdivide the area into sections or divisions which can be handled 
by one man and a crew of laborers. This man may be called a fore- 
man or inspector, but regardless of title he must be directly respon- 
sible for all work in his division or section. He must be active, ener- 
getic, interested in his work, and able to handle a crew of laborers on 
ditching or oiling work. As he is in immediate contact with the pub- 
lic, he must have a pleasing personality and the ability to get along 
with people. He will require plenty of backbone plus self-restraint 
and much patience. He must be physically equal to sustained activity 
in the field, for the work is frequently arduous. It is important that 
these working foremen or inspectors be carefully selected, as they are 
the basis and foundation of successful work. Too much emphasis can- 
not be put on this point. 

Salaries for the division inspector or foreman will vary with the 
size of the division, the importance and difficulty of the work, and to 
some extent also with the competence of the man. The range should 
run from not less than $2000 per annum minimum to about $4000 
per annum maximum. Special cases may occur where salaries outside 
of this range would be paid. 

These division inspectors or foremen should be retained on salary 
throughout the year, even though the mosquito breeding season is 
but seven or eight months long. Their intimate knowledge of every 
part of their territory is their greatest asset. Constantly changing 
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these men will destroy the efficiency of mosquito abatement proce- 
dures. Good men seldom can be retained on a job where they are laid 
off for several months each year. 

In order to keep experienced employees, it is advisable to allow rea- 
sonable vacation periods and sick leave, increasing with length of 
service. Also, where legally possible, there should be made available 
to the men some form of retirement allowance (pension), and prob- 
ably group hospital and medical insurance. 

Laborers 

Laborers must be physically equal to the heavy work of ditcliing 
and oiling, and in addition must have a good grade of intelligence. It 
will be found economical to pay a higher rate than the usual wage 
for laborers in order to obtain workmen who are better than average 
mentally as well as physically. A good labor gang is usually obtained 
only by weeding out the ones who prove unsuited to the work. Gradu- 
ally a crew can be built up which is very satisfactory, but this takes 
time. 

If foremen or straw-bosses are required, it is best to select them 
from the labor gang by promoting the most capable men. If they are 
needed only temporarily, they can be returaed to the status of la- 
borer when the need for them as foremen has ceased. Temporary 
promotions should, however, be definitely understood to be tempo- 
rary, or morale will suffer. 

Clerical ASSISTANT 

Large projects will require at least one full-time clerk-stenog- 
rapher to take care of the office routine, the correspondence, and the 
clerical work of handling service requests or complaints. In small 
projects the executive officer will usually have to handle all office 
routine, possibly assisted by a part-time stenographer. Considerable 
care should be exercised in the selection and training of a clerk, as 
many complaints are received by telephone which must be handled 
courteously and in a manner to inspire public confidence. 

In recent years, in the United States, the amount of clerical work 
required has greatly increased, due to the burden imposed by federal 
payroll taxes, rationing, priorities, questionnaires, and reports. 
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Professional assistants ■ 

In large projects, also, especially if the area has a large urban 
population, it is necessary and desirable to employ, either on part 
time or full time, an educational and publicity assistant so as to re- 
lieve the executive of the detail work of newspaper publicity and 
perhaps also of some of the burden of speech-making. 

Various technical assistants, such as entomologists, engineers, phy- 
sicians, and attorneys, may also Be required on large projects, either 
on whole time or part time. These specialists should be selected be- 
cause of their special fitness for the work they are to perform. Their 
rates of pay will depend partly on the general scale of professional 
compensation in the region, and partly on the nature and extent of 
their services. In general, a professional man is employed on the basis 
of a retainer fee plus a fixed sura for each day actually spent on the 
work. 

It is never possible to select and put into the field a staff that is 
thoroughly satisfactory from the start. Frequently the exact type of 
man required is not obtainable. There are also usually a number of 
errors in judgment in the selection of the initial personnel. Those 
first selected should be given careful training in their duties, and 
watched closely until it is certain that they can be depended upon. 
The unsuitable ones can be weeded out and replaced, until an or- 
ganization that is reliable and efficient is built up. This is a most im- 
portant duty of the executive officer. 

PRACTICAL PBEPAEATIONS 

In mosquito abatement it is sensible to undertake a few prelimi- 
nary procedures before beginning the actual attack on the mosquito 
breeding places. Maps of the area should be acquired and studied, a 
budget set up, funds obtained to defray the cost of the work, a sys- 
tem of accounts installed with a correlated purchasing scheme and a 
cost analysis method ; an office should be provided and also a depot or 
warehouse to store and protect equipment and materials ; and a sys- 
. tern of recording the work and reporting on it should be devised. It is 
most advisable to give thought and careful attention to these neces- 
sary preliminaries, even in the face of pressure of public opinion to 
make a quick start on direct attacks on the mosquitoes. 



Thorough knowledge of the geography and topography of 
area is a very important item. As soon as the preliminary staff 

a to ffet acauaint< 


For this purpose adequate maps are essential and should be available 
at the earliest possible date. 

The ordinary county or local maps are of little use in mosquito 
control work. Usually all they show are roads, principal towns, major 
streams, and property lines of the larger holdings. Frequently they 
are not up to date. 

The best maps for mosquito abatement work are aerial photo- 



poriant points, they are accurate and far more complete than any 
other type of map for this purpose. Two other advantages are the 
speed with which they can be obtained, and their low cost as com- 
pared with other methods of mapping. The cost will vary with the 
size of the project, the distance from centers where such work is done, 
and the extent of ground control work necessary. 


eral, a scale of 500 feet to the inch will prove satisfactory. A scale of 
1000 feet to the inch is about the smallest limit which can be used. 
Larger scales than 500 feet to the inch are not required except pos- 
sibly for limited areas of special importance. Aerial photographic 
contour maps are usually not needed and their cost is considerably 


eight-by-ten-inch sheets ma,y be put into ring binders and used 
tl 

shown on an accompany mg map wJhcH should be an eight-by-ten-inch 
reduced copy of the original map. Usually the maps will also be of 
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great assistance to various officials, such as the county assessor and the 
county surveyor, who may be induced to help defray their cost. 

Many areas of the United States had been mapped before the pres- 
ent war by various official agencies of government, and reproductions 
of these maps usually can be obtained at reasonable prices. In addi- 
tion, a large amount of military mapping by aerial photography may 
be available after the war, in many parts of the world. 

Maps are needed by several types of personnel for various pur- 
poses, among which are the following : 

Medical Officer 

1. Location of cases of mosquito-transmitted disease 

2. Relative density of cases 

3. Population density (human) 

4. Vector densities 

5. Location of breeding places of vectors 

6. General supervision of control measures, including 

a. Locations of sub-stations 

b. Delimitation of sub-areas for control work 

c. Routing of inspection crews 

d. Routing of control crews 

e. Progress reports 

Entomologist 

1. Location, extent, and types of breeding places 

2. Location of adult catching Stations, light traps, etc. 

3. Access routes to breeding places, stations, etc. 

4. Flight studies 

5. Studies of densities of adults, larval breeding, etc. 

Engineer 

1. Location of breeding places 

2. Location of natural water courses 

3. Planning of drainage, fills, etc. 

4. Placement of flushing devices, etc. 

Where adequate maps are not already available and aerial maps 
cannot be made, it will be necessary to prepare maps by means of 
ground surveys. Sometimes it will be possible to obtain an ordinary 
map of reasonably appropriate scale, or to photostat such a map to 
the required scale, and take it into the field, sketching thereon all de- 
tails pertinent to mosquito control work. 
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Highly accurate surveying methods are seldom necessary for mos- 
quito control purposes, though if very large areas are to be covered, 
one or more transit-and-tape traverse lines may be needed to tie the 
various map sections together properly. 

The surveyor’s plane table, with telescope alidade, making meas- 
urements (horizontal and vertical) by the stadia method, can be used 
to map large areas quickly and fairly accurately on reasonably open 
terrain. Less accurate surveys, though usually satisfactory, can be 
made with a simple sketching board mounted on a tripod, using a 
small compass; the telescope is replaced by a weighted triangular 
scale as an alidade or pointer ; horizontal distances are measured by 
pacing, the number of paces being converted into lineal feet by means 
of a diagram. Special sketching boards (traverse sketching cases) of 
the type originally devised by Glenn S. Smith can also be used. 

In the hands of a skilled topographer relatively simple mapping 
equipment can produce very useful maps rapidly, but the topogra- 
pher must be taught what topographic and cultural features are sig- 
nificant for mosquito control purposes. 

Budgets 

Mosquito abatement is usually performed by some governmental 
agency, either a department, bureau, or officer, or a district operating 
under a special legislative act. Irrespective of the particular type of 
governmental agency doing the work, it is as a rule necessary that 
the fiscal affairs of the department or district be conducted in accord- 
ance with a budget set up at the beginning of each fiscal year. Even 
if a formal budget is not required by law, both common sense and 
good business judgment require that some form of budget for all pub- 
lic expenditures be established. A budget is simply a financial plan 
for the conduct of work for one fiscal year. 

At the inception of the work, the preparation of a budget is largely 
a matter of estimate which must be based principally on unit costs of 
approximately similar work. Such unit costs must be used with dis- 
cretion and with intelligent adaptation to the particular case, as valua- 
tion in the costs of mosquito abatement is great. 

Rough average costs are of little value except to indicate a serious 
departure from a normal estimate. For example, in 193S the aver- 
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ages for tEe New Jersey districts were 9.5 cents per capita, $101 per 
square mile, and O.TS cents per $100 of assessed valuation. But the 
range for individual districts was very wide: 

Maximum Minimum 

Cost per person 22.6 cents 2.0 cents 

Cost per square mile 2,120 dollars 4 dollars 

Cost per $300 of assessed valuation 2. S cents 0.38 cents 

In California, in 193.^, tlie averages were 19 cents per capita, $48 
per square mile, and 2.5 cents per $100 of assessed valuation. The 
range was as follows : 

Maximum Minimum 

1.10 dollars 6.8 cents 

566 dollars 3 dollars 

12 cents 0.8 cents 

In general, it may be said that projects of large area and sparse 
population will show low costs per square mile and high costs per 
capita; compact projects with dense population will show low costs 
per capita and high costs per square mile. Primarily urban territory 
will show low costs per $100 of assessed valuation and rural territory 
will show high costs on the same base. 

The best form in which to make up the first budget will be to esti- 
mate the items of expense, which may be conveniently grouped as 
follows: 


Cost per person 

Cost per square mile 

Cost per $100 of assessed valuation 


Salaries and Wages 

1. Director or superintendent 

2. Clerk-stenograpiier 

3. Inspectors or foremen 

4. Laborers 

6, Special services 

a. Entomologists 

b. Engineers, surveyors, 
draftsmen 

c. Educational and publicity 
experts 

d. Physicians 

e. Attorneys 

f. Auditors 


Maintenance and Operation 

1. Motor vehicle supplies 

a. Gasoline and oil 

b. Greasing, cleaning, etc. 

c. Tires and tubes 

d. Miscellaneous 

2. Office supplies 

a. Printing and stationery 

b. Mai>s 

c. Miscellaneous 

3. Miscellaneous supplies 

a. Oil 

b. Larvieides 

c. Tools 
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M aintenance and Operation (cont.) 
Miscellaneous supplies (coni.) 

d. Rubber boots 

e. Lumber 

f. Miscellaneous 

4. Communication 

a. Telephone and telegraph 

b. Postage 

5. Travel expense 

6. Water, light, heat, and power 

7. Rents 

a. Garage 
b- Other 

8. Repairs and replacements 

a. Automobiles and trucks 

b. Fixed equipment (tide 
gates, etc.) 

c. Office furniture and fixtures 

d. Miscellaneous 

9. Special services and contracts 

a. Contracts on drainage and 
fills 

b. Contracts on ploughing 


Maintenance and Operation (cont. ) 

c. Miscellaneous special 
services 

10. Insurance 

a. Workmen’s compensation 
insurance 

b. Automobile insurance 

c. Other insurance 

31. Interest on borrowed monev 
12. Retirement allowance fund 

Capital Outlay 

1. Passenger cars, motorcycles, 

and trucks 

2. Launches and boats 

3. Power spraying equipment 

4. Power excavating equipment 

5. Office furniture and equipment 

6. Culverts and tide gates 

7. Pumping equipment 

8. Miscellaneous capital outlay 
Cash Basis Fund 
Contingencies 


It is desirable that a reasonable allowance be made for unforeseen 
contingencies. Also, if there is a poor correlation between the begin- 
ning date of the fiscal year and the time when taxes are paid, it wdll be 
necessary to include in the budget a cash basis fund. In some states the 
fiscal year begins on J uly first, but the first installment of taxes is 
not delinquent until December. As a result, there is a space of five 
months during which the tax revenue is negligible. To take care of 
this situation, it is necessary to secure cash with which to carry on 
operations between the beginning of the fiscal year and the time that 
the first installment of taxes is paid. This amount must be estimated 
and added to the initial budget and then carried over as an available 
balance into the fund for the succeeding fiscal 3mar. For this period in 
the first 3^ear of operations, it may be necessary to borrow money in 
some manner and in that case an allowance for interest on borrowed 
money should be included in the first budget. The laws governing this 
matter should be carefuny ascertained and a thoroughly legal pro- 
cedure followed. 
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It is very desirable that the original budget, at least, be prepared 
under the supervision of someone who is experienced in this work, 
and that a definite budget form be adopted and adhered to. Many 
jurisdictions have laws or regulations covering the budgeting of ex- 
penditures of local governments and these should be ascertained and 
conformed to. It may take a little ingenuity to adapt an adequate 
mosquito abatement classification of expenditures to the required 
budget form. 

After the first year of operations budgets can be more intelligently 
and accurately prepared from the accounts of expenditures in previ- 
ous years, especially if the accounts have been properly classified and 
properly kept. 

Finances and accounting 

A definite financial and accounting procedure should be adopted 
at the commencement of the work and scrupulously adhered to. It is 
desirable that a certified public accountant be employed to plan the 
accounting system and to check the accounts periodically. Semi- 
annual audits are usually satisfactory. All agencies handling public 
funds should require at least an annual audit of their accounts. 

The accounting system should be as simple as possible, so that it 
can be handled with a minimum of time and effort by the clerk under 
the supervision of the executive officer, or by the executive officer 
himself. The system should show the executive officer the exact status 
of all revenues and expenditures and the exact amount of the avail- 
able cash balance at any time. The accounts must also, in many cases, 
be reconciled with those of some public officer, such as the county 
auditor or the county treasurer, and in some states are subject to re- 
view or control by a central state agency. If the funds of the project 
are in the custody of the county treasurer or of some state depart- 
ment or official, frequent check of receipts and disbursements should 
be made. This should be done at least monthly, and in large projects 
preferably oftener. 

While the accounts must be organized so as to comply with any 
state or local regulations, their primary purpose, of furnishing a 
record of the cost of abatement work and a means of control for 
keeping within the limitations of the annual budget and current 
cash, should be kept constantly in mind. Successful abatement work 




Aitno-ugn It IS easy to say tnat expenaitures snouia oe Kept witmn 
the budget allowances, it is not easily carried out unless there is a 
definite plan of expenditure and unless the accounts will enable the 
executive officer to know at all times where he is with reference to 


for the various items. Some items, such as insurance, are usually 
paid in a lump sum for an entire year (fire insurance ordinarily for 
three years). These amounts are paid usually in the first month of 
the fiscal year. Other items, especially of capital outlay, will also oc- 
cur in lump sums but not necessarily at definite or regular times. 
Many of the remaining items of expense, however, are fairly constant 
from month to month or vary with some degree of regularity accord- 
ing to seasonal conditions. Requirements for oil and larvicide are of 
the latter type. These expenditures can all be accounted for monthly 
on a “rate of expenditure” sheet attached to the budget. If an esti- 
mate of receipts from anticipated taxes and other sources is set forth 

eep 
the 


payment out of the funds of the district. The state or loca 
taining to these should be determined and carefully confo: 

Purchasing \ 

Before any work is begun, a routine procedure for hj 
purchases should be established, and printed order forms 
In some municipalities and counties all purchasing is done 
or county purchasing agent, in which case the forms and 
required by municipal or county law dr regulations me 
formed to. In special districts which do their otini purchas 
it is advisable to conform as closely as possible to the forh 
cedure in use by the purchasing agency of the county. 
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desirable to keep in touch with the county purchasing agent as he 
can be of considerable assistance in obtaining lower piices or better 
quality of materials. 

A central purchasing agency usually issues purchase orders direct 
to Tenders upon requisitions prepared by a department head. A mos- 
quito abatement district doing its own purchasing will usually not 
require a requisition form. 

If the project does its own purchasingj the esecutire officer will 
usually have to be the purchasing agent. The routine clerical wmrk 
can be handled by the clerk in the larger projects, but the executive 
officer should maintain a close supervision over all purchases. 

A purchase order form should be made in triplicate, the original 
going to the vendor, a duplicate going to a numerical file, and the 
triplicate being attached with invoices to the copy of the draft or 
warrant paying for the purchase. Where there is a central purchas- 
ing department, the purchase order is made in quadruplicate, the 
fourth copy going to the department making the requisition. 

Air orders should be carefully warded and the information should 
be complete and precise so that there can be no question as to ex- 
actly what is being ordered. If the material is ordered from a cata- 
logue, the page and item number should be given. If material of a 
special composition is ordered, such as larvicide, precise specihcatioiis 
as to its characteristics should be attached to the oixler. 

Local laws or regulations should he consulted and followed as to 
requirements in the matter of obtaining bids. Usually on purcliases 
exceeding a certain maximum amount (often $500) it is necessary 
to advertise for bids. But even when bids are not required, prices 
should be obtained, wherever possible, from several different vendors 
on all items except minor purchases. 

In projects including several communities, it is not desirable to 
confine all purchases to the principal commercial center, even if lower 
prices are obtainable there. It is a good policy to spread at least 
minor purchases over all parts of the area— it helps to make friends 
of the merchants. Eecords should he kept of vendors and their prices, 
at least on all articles likely to be purchased frequently. Card rec- 
ords may be used for this purpose. 

Some materials, such as gasoline, lubricating oils, and spray oil, 
may be most satisfactorily purchased on an annual contract for the 
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estimated requirements of the project. Materials such as shovels and 
other minor items may be purchased in quantity equal to require- 
ments for six months or a year, and issued to the field forces as needed. 
Quantity purchases, however, should be made only of materials or 
supplies which do not deteriorate and only in case they can be safely 
and economically stored. Discounts on quantity orders may often be 
obtained and also discounts for prompt payment of bills. Every ef- 
fort should be made to take advantage of such discounts. In a large 
district they may amount to an appreciable saving each year. 

Reports 

Before any work is begun, a form of daily report on all work 
should be devised. The function of a daily report is to give succinct 
information as to what was done, what quantities of labor and ma- 
terials were used, and what collateral expenses, such as transporta- 
tion, were chargeable to the work. The report form must not be so 
complex that its making is a burden. It should be adapted to the 
various classes of work and should show precisely the quantity of 
each type of work and its direct cost in labor and materials. However, 
it must be sufficiently simple so that the inspectors or foremen can 
make it up daily without excessive clerical work. Unless the normal 
tendencies of bureaucrats and efficiency experts in this last respect 
are curbed, the field men will degenerate into mere report makers and 
abatement work will suffer. 

Pages TO and T1 (Figure 2) show the face and back of a form of 
daily report which has been in use for several years and has been 
quite satisfactory. The white original goes to the central office and a 
yellow copy is retained by the foreman. 

Figures S, 4, and 5, ’with the accompanying instructions on the re- 
verse of Figure S, are report forms developed by the United States 
Public tlealth Service for the use of inspectors working on 
aegypil control projects, and are presented as examples of the type of 
reports useful in recording detailed information procured on system- 
atic inspection work. Somewhat similar reports can be prepared for 
recording corrections of mosquito breeding on this type of project. 

From the daily reports a compilation should be made for each 
month and should be incorporated into a monthly report. The com- 
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Figure 2, Form of daily report (face) 
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Figure 3. Report form for residential area inspections (front) 
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residential area is defined as a section devoted primarily to 
units. 


unit plus its surrounding ground. Occasional stores, churches, filling stations, 
etc,, occurring within a predominantly residential area shall be included on this 
form. Small apartment houses in residential areas shall thus be listed as one 
premise. A vacant lot, regardless of size, shall be recorded as one premise if ac- 
tually searched for containers by the inspector. A tourist court or trailer camp 
shall be listed as one premise. 

Receptacles shall be classified into two categories: (1) Those Containing water, 
called “possibles,” and (2) those which are dry but which are “potential pos- 
sibles” because they will catch water in the event of rain. Containers with water 
shall be listed above the dashed line while potential possibles shall be listed be- 
low the dashed line. 

The inspector should list only actual possible breeding containers or potential 
possible breeding containers. Containers with water which obviously will soon 
be eliminated or emptied by the housewife should not be included. The foEow- 
ing are examples of containers with water w'hich in general do not constitute a 
breeding hazard and therefore should not be included as possibles: 


2. Regularly changed flower vases 

3. Buckets, tubs, etc., with wash-water which will be emptied as soon as the 
washing has been completed 

4. Pots, pans, etc., on .stoves holding water to be used in cooking the day’s meals 

6. Regularly used toilets 

Dry containers should not be included unless they are exposed so that they can 
reasonably be expected to hold w'ater after a rain. 

When more than ten containers in one cleissificatioii are found they should be 
recorded as 104-. Thus a pile containing fifty cans of which twenty contained 
water would be listed as 10+ wet and 10+ dry. 

The number of containers breeding aegyfti should be circled while the number 
breeding aalern should be squared. Those breeding both should be enclosed by a 
circle within a square. Thus in the above example, if three containers were breed- 
ing aegypti only, and two breeding culex only, the figures recorded would be: 

10 + ^. Again, if three cans were breeding aegypti only, one breeding aegypti 

and culex, and two breeding culex only, the figures recorded would be 10 +j^{l]. 

The major figure shown will always include the secondary figures. Thus if 
there were nine tires all with -water of w+ich six were breeding aegypti the fig- 
ures wmuld be recorded thus, 9 ®, the major figure (9) including the secondary 
figure (®j. 

Under the columns titled “Premises Found Breeding” place a circle, for an 
aegypti breeder found and a square for a culex breeder found. 


Figure 3. Report form for residential areas (back) 
Instructions for use 
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Figure 4. Report form for commercial area inspections 
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Figure S. Report form for periodical inspections 
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pilation, to be systematic and uniform, should be made on a special 
form. 

The monthly report should contain a narrative of important or 
interesting matters of mosquito abatement during the month, tabu- 
lations of the quantities of the various kinds of work performed, their 
individual gi'oss and unit costs, and a statement of expenditures for 
the month classified according to the budget segregations. In some 
cases it may also be desirable to include the receipts from taxes and 
other sources and the available cash balance at the end of this month. 

While a cop}^ of the monthly report should be sent to tlie news- 
papers, the editors will seldom take the trouble to read it carefully 
and prepare an adequate newspaper story on it. Occasionally the 
papers will draw unwarranted conclusions from a technical statement 
of fact or, lacking interpretations, may distort the real meaning of 
various items. Therefore it is desirable that the executive officer or 
someone familiar with publicity methods prepare newspaper stories 
outlining the salient features of the report. If there are several news- 
papers it is desirable to vary the write-up for each paper. 

From the monthly reports should be compiled an annual report. 
Regardless of how the fiscal year is timed, the annual report should 
be made for the calendar year for countries in the north temperate 
zone. In the south temperate zone a report year ending June SO may 
prove more suitable, that date corresponding climatically to Decem- 
ber SI in the north temperate zone. The report year should corre- 
spond at least approximately with the mosquito breeding year so as 
to include each annual season as a unit for report purposes. 

Statistical material in the annual report, wliile it should be com- 
plete, should be placed at the end of the report. The body of the re- 
port should be a narrative of the more important events and accom- 
plisliments during the year, introduced by a few pithy paragraphs 
in which the meat of the report is condensed in an interesting and 
striking manner. It must be remembered that few people, except those 
technically interested, will study an annual report. Most persons will 
read the first page or two if it is interestingly wnfitten, merely glance 
at the remaining pages, and balk entirely at tables of quantities and 
costs. 

From time to time special reports should be made on distinct phases 
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of the workj on each contract job, and on unusual outbreaks or flights 
of mosquitoes. 

The PRO JECT OFFICE 

All except the very smallest projects will require a central office 
for the conduct of business. Very large projects may require branch 
offices as well. 

It is essential that the office be properly equipped and organized 
for the efficient conduct of business. It should be plain and without 
frills, but adequate. One or more desks as needed, a table, a drafting 
board, chairs, filing cabinets for records, and a storage cabinet for 
office supplies are usual equipment and may frequently be purchased 
secondhand. A typewriter and adding machine are also necessary but 
should usually be purchased new, though rebuilt machines may be 
satisfactory. 

A small dupHcating machine, such as a “Ditto,” is very desirable 
for getting out copies of reports, notices, and circular letters. If very 
much work of this kind is done, a mimeograph may be desirable, 
though as a rule if mimeographing is required it will be better to cut 
the stencils in the office and have the printing done b}’' a local mimeo- 
graphing firm. 

Maps of the project should be mounted on boards, for which ply- 
wood is very satisfactory though cheaper hoards will do. 

Depots OR WAREHOUSES 

Mosquito abatement agencies will almost always require some kind 
of depot or place for keeping equipment and materials used in the 
work. In some cases space can be obtained in existing facilities oper- 
ated by the county or city, but in most cases it will be necessary to 
rent or acquire some form of depot. 

At the beginning of work it will probably be advisable to rent space 
at some convenient and reasonably central point, but if the project 
is of any size and permanence, land should be purchased within a few 
years and the necessary facilities constructed or installed. In the 
larger projects, especially if the work is divisionalized, several depots 
may be advisable. 

A lot fifty by one hundred feet is usually ample. Gn it should be 
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constructed a combined garage, warebousCj small shop, and office. If 
one truck oiilj is to be garaged, a floor space of eighteen by twenty- 
four feet net inside dimensions will be found sufficient. If additional 
automotive equipment is to be housed, the dimensions sboitld be in- 
creased accordingly. 

It is desirable to provide in this building a shower bath with w'ater 
heater, a toilet, wash basin, and lockers for the comfort of the men. 

An underground steel tank for oil storage at each depot is advis- 
able, as the savings on quantity purchases of oil will usually defray 
the cost of the tank and pump in a few years. For a similar reason a 
steel underground storage tank and pump for gasoline is also ad- 
visable. To ensure reasonable service life, underground steel tanks 
should be given an outside prime coat of pure red lead in oil plus two 
heavy coats of a good coal-tar protective paint. 

Capacities of the oil tank should range from about SOOO to 6000 
gallons, according to oil marlteting practices in the particular area. 
The oil companies should first be consulted as to the unit delivery 
quantities at wbich price discounts are a^milable. In some cases depots 
should he located on railroad sidings to take ad%'antage of tank car 
delivery prices. 

If heavy equipment, such as power cranes, caterpillars, power 
sprayers, and the like, are owned, protective sheds should be con- 
structed for such equipment. 

The depot grounds should be fenced, preferably with an industrial 
type wire mesh fence, if sufficient money is available. The grounds 
and structures should be kept clean and in order, the building well 
painted, and a reasonable effort, made to have the depot look ship- 
shape at all times. 
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EDUCATION OF THE PUBLIC 

It might be expected that a communit}^ suffering from mosquitoes 
would rush to take advantage of an}’^ workable proposal that would 
abate the nuisance. Yet experience has shown that even in communi- 
ties where malaria is rampant a great deal of promotion is required 
to get the residents to back a mosquito abatement program. 

In order to organize mosquito abatement work you must convince 
the people of a community : 1) that the mosquitoes constitute a health 
menace or a considerable handicap to the comfort and development 
of the community ; S) that it is worth while to spend money to remove 
this menace or liandicap ; 3) that the mosquito nuisance can be satis- 
factority controlled ; and 4t) that the cost of abolishing the mosquito 
wull be reasonable. It takes a great deal of publicity, in one form or 
another, first to convince the people on these four points, and then to 
get them to act on their convictions. Even after a mosquito abate- 
ment project has been established and is in operation, it is still very 
important to continue to inform and educate the pubhc. 

In the first place, a mosquito is just a mosquito so far as the aver- 
age resident is concerned. He is not able to distinguish between mos- 
quitoes that come from a distant marsh and those that are breeding 
in his neighbor’s garden pond or in his own rain barrel, nor does he 
care to. In this attitude the average resident is right. If the taxpayers 
furnish money for the control of mosquitoes, all mosquitoes, as far as 
possible, should be effectively controlled, both the migratory Aedes 
species and the local or domestic species, under normal urban or rural 
conditions. 

Tliere may be an occasional abatement project so small that work- 
ers are able to inspect every resident’s yard every week during the 
mosquito season. Howevei*, in the case of most mosquito abatement 
projects there is a large area to be controlled and only a small force 
to do the work. Under these circumstances it is essential to teach the 
public how to avoid raising mosquitoes, in order to prevent the breed- 
ing of a great many in collections of water on residential and busi- 
ness premises. 
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A second point is this : the bulk of mosquito abatement work is done 
bj governmental agencies w^hich are supported bj’- taxation. As tax- 
payers who foot the bill, the residents of a district are entitled to 
know why and how their money is being spent. 

Let the residents of your district know about the work 3'^ou are con- 
stantly doing— "the regular oiling of creek beds, dairy drains, sewer 
catch basins, and other mosquito breeding places, the clearing of 
ditches in drained swamps and marshes, and all the rest of the many 
phases of mosquito control. Keeping the public informed as to what is 
actually being done will avert a great deal of uninformed criticism. 

Any governmental agency, even one engaged in such a technical 
field as mosquito abatement, is to a greater or less degree subject to 
political pressure and influence. You wdll be in a better position to do 
an efficient job if ^mu have the support of the general public. To 
gain and hold that support calls for a definite program of education 
and publicity. 

A business man desiring to sell a product or a service relies heavily 
on paid advertising, in magazines and newspapers, on billboards, and 
over the radio. Governmental agencies ordinarily do not employ paid 
advertising as a means of publicity, though there is no logical reason 
why they should not do so. Possibly they feel that they would be 
criticized for spending public funds on advertising designed to keep 
them in their jobs. In some cases there are legal prohibitions against 
advertising. 

The principal means of public education open to mosquito abate- 
ment agencies are: 1) newspaper publicity ; 2) speeches, including 
radio talks and the use of motion pictures or slides; B) exhibits; 4) 
informative pamphlets; fi) house-to-house inspections ; and 6) tours 
of inspection. Many of these forms of public education are tied in to- 
gether. A speech will probably accompany the showing of a motion 
picture or lantern slides. Explanatory pamphlets will be distributed 
at an exhibit and during a house-to-house inspection. The report of 
a speech, of an exhibit, or of a tour of inspection should be given to 
the local new^spapers. 

All these means of publicity may be employed botli while endeavor- 
ing to organize a mosquito abatement project and after the project 
is in operation. Naturally, the objectives are different. In the first 
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case you will be arousing the public to take direct action— to organ- 
ize an abatement project— while in the latter case you wish primarily 
to report progress and to maintain public interest. 

The mosquito abatement superintendent ordinarily must be a com- 
bination of engineer, entomologist, public health authority, and ex- 
ecutive. It is perhaps piling things on too much to expect him to be 
a newspaper man, public speaker, and advertising expert as well. 
Consequently an abatement project able to stand the expense can 
employ a publicity director to advantage, at least for part-time 
work. Such a man should be able to deal with the public more easily 
and eifectively than can the superintendent. His employment also 
will enable the superintendent to concentrate on the task at hand — 
controlling mosquitoes— without being diverted by the need for pub- 
licity writing and speech-making. 

This discussion must be considered only as a suggestive outline of 
methods of educating the public as to the need for mosquito abate- 
ment and for its continuance on an effective basis. If the project is 
small and located in a rural area most of the residents of the district 
will know of the work from personal contact with the workmen. This 
does not mean that there is no use for news stories, speeches to or- 
ganizations, and other means of publicity. That is always necessary. 
However, each project will have its own peculiar setup and its own 
problems and must work out its own variations of the methods sug- 
gested. ■ 

Newspaper PUBMCITT , V 

Everything done by the abatement project and its employees that 
affects and will inter’est a considerable number of residents of the dis- 
trict is legitimate news and should be written and given to the news- 
papers for publication as a news item. 

TV'hen endeavoring to establish a mosquito abatement project, lo- 
cal editors should be advised of each step in the progress of the cam- 
paign. A story about the selection of a committee to promote the proj- 
ect, the raising of funds, the announcement of a speech to be made at 
a service club or at an open meeting, and the report of such a speech, 
will ordinarily be printed — unless, of course, the newspaper publisher 
is definitely opposed to the work or mistakenly believes that any sug- 
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gestioii of the necessity of mosquito abatement is bad publicity for 
the community. Such editors may be encounteredj though the^r are 
very few compared with the number thirty years ago. 

When an expert is employed to make an estimate of the work nec- 
essary in the proposed abatement project, his report should be given 
to the local papers. Prominent citizens favorable to the plan should 
be asked to make statements to the papers. When some civic or social 
organization endorses the campaign, see that notice of the endorse- 
ment is given to the paper. If a newspaper man be persuaded to cam- 
paign actively for mosquito abatement, give the editor the story of 
how mosquitoes have been eliminated in other parts of the country, 
and provide him with information to be used in articles or editorials 
explaining the advantages to be gained by ridding the community of 
these pests. 

Continue to maintain cordial relations with the press after the pro j - 
ect has been established. Initially the papers may come to the super- 
intendent for news. Later the superintendent (or ins publicity man) 
will have to go to them. 

The following things are obviously news : employment of a super- 
intendent; setting of the budget or appropriations for abatement 
work; hiring of laborers; letting of contracts; purchase of equip- 
ment; initiation and completion of a drainage project. These things 
are also news : speeches about mosquito abatement ; a toTir of inspec- 
tion of work in progress or completed ; an exhibit of abatement work ; 
parts of the superintendent’s monthly report. 

Beyond the items mentioned above is a wide field of feature articles 
and human interest material. Included in the human interest group 
are such items as : location of what the general public would consider 
unusual breeding places, such as sewer catch basins or a flooded base- 
ment ; discovery of a type of mosquito rare in the vicinity ; explana- 
tion of the relief enjoyed by residents of some section as mosquito 
abatement begins to show results ; special features of abatement work 
such as oiling of manholes and sewer catch basins; breaking down 
dams built by children across creeks where such dams stop the flow 
siifBciently to breed mosquitoes; appeals to residents to remove or 
correct backyard and garden mosquito breeding places ; announce- 
ment that the abatement agency will supply, free of charge, mosquito 
flsh {Gambusia) for ornamental garden ponds ; and so on. 
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If possible, persuade the local papers to run occasional illustrated 
articles (stories of considerable length on the general style of a maga- 
zine article) explaining the various means of abating mosquitoes, the 
transmission of disease by mosquitoes, what work has been done, how 
the public can cooperate, and why mosquito abatement is desirable. 
Some papers do not go in for this style of article; in such cases it 
may be possible to get across the same information, although more 
briefly, in an editorial. 

The stories should be mailed or preferably handed personally to 
the newspaper editor or to reporter friends. Be sure of these things : 
that the story will be of interest to a considerable number of the 
paper’s readers (if you are digging ditches near both Newberg and 
Centerville, feature what is going on near Newberg in your story for 
the Newberg paper) ; that the story is written in language which 
can be understood by the average reader who is neither engineer nor 
entomologist; and that your lead, the opening sentence, will arouse 
the interest of the man casually perusing his paper. 

This last point is of particular importance in the case of human 
interest stories. Feature the unusual angles of the story. For exam- 
ple, don’t write an item this way : 

Mosquito abatement district employees are engaged today in oiling 
i stagnant ponds in creek beds running through Centerville and in clear- 
ing the creek of underbrush. This work will kill off myriads of embryo 
mosquitoes now in the larval form but which would shortly emerge as 
adult mosquitoes on the wing and ready to bite. 

Not too bad, but this is better; 

When hunting mosquitoes take an axe along, advises J. P, Smith, 
mosquito abatement district foreman. Smith and three laborers today 
are oiling stagnant ponds in creek beds running through Centerville, to 
kill millions of mosquito "wrigglers” before they emerge as adult mos- 
quitoes on the wing and ready to bite. 

An oil spray gun brings death to the "wrigglers.” The axe is useful 
in cutting through underbrush to reach the mosquito breeding pools. 

Either story may be printed, but the first is not so likely to attract 
attention. The second story is not only more likely to be read but 
may interest newspaper subscribers sufficiently so that they will read 
the next item they see under a ^‘mosquito” headline.^ ^ 
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Where possible, interest an editor in taking pictures of some phase 
of abatement work. When a newspaper sends out a salaried camera- 
man his picture will usually reach print. However, if an editor can- 
not be so persuaded, take your own photographs. Arrange a scene 
showing some form of activity (don’t take a still life picture of a 
ditch, however beautiful to jonr eyes that ditch may be) ; if feasible, 
place a pretty girl in the picture ; avoid dark backgrounds ; get every- 
thing you want in the picture as close together as possible; and take 
the photograph as close up as you can. The best of such pictures 
may be published. 

Mosquito abatement agencies located in metropolitan areas can 
use to good advantage what are known as communiW or advertising 
newspapers. These are usually weekly papers, frequentty distributed 
without cost to residents of a particular section of a city. The com- 
munity newspaper editor is anxious to gather interesting news items 
and, because of their local appeal, these papers are closely read. 

One word of warning : be sure that every item you offer an editor 
for publication presents factual information that should be of inter- 
est to a considerable number of his paper’s readers. Then you will 
gain the willing cooperation of the editor because you will be helping 
his newspaper to give its readers all the news. 

Speeches 

Service clubs, business men’s clubs, women’s clubs, schools, boy 
scout and girl scout troops, in fact any group that holds a meeting 
offers a possible audience for a talk on mosquito abatement. 

Slides or motion pictures, particularly the latter, add interest to 
a talk, in the opinion of most club program chairmen and audiences, 
so that money spent for one or the other may be considered well spent. 
The pictures should show not only how mosquitoes breed, but what 
the local organization is doing to abate the pests. The cost of taking 
a few hundred feet of film is reasonable, 

A number of excellent films, prepared for the purpose of training 
personnel in mosquito control work, have been prepared by the United 
States Army, United States Navy, United States Public Health 
Service, and by commercial firms (e.g., Disney). E^^entually prints 
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of such films may become available to civilians for either educational 
or training purposes. 

Most organizations will be willing to listen to a talk by the pub- 
licity director. Some organizations may insist on hearing the super- 
intendent or a prominent trustee or other official. And some large 
organizations may not be interested in mosquito abatement unless 
the subject is brought up incidental^ during a talk by some promi- 
nent speaker on a broader subject such as public health. These larger 
groups, however, iisually have sections interested in some particular 
field of study. A civic betterment section or a public health section, 
for example, would probably welcome a talk on mosquito abatement. 

An announcement by letter that a mosquito abatement agency has 
a film and is willing to display it will probably draw a few responses. 
Usually it will be necessary to look up club program chairmen, school 
principals, and scoutmasters and sell them the idea of a mosquito 
abatement program. 

The public schools provide a valuable field for educational talks, 
as school children are quite likely to act on a sound suggestion and 
really do something about preventing mosquito breeding around their 
homes. The study of insects is part of the curriculum of nearly every 
grammar school, junior high school, and high school, and teachers are 
usually glad to get an outside speaker on the subject of mosquitoes. 

Many radio stations and sometimes radio advertisers feature a 
regular period devoted to lectures on local government or civic af- 
fairs. Prepare a talk and submit it to such a station or advertiser. If 
the talk is interestingly prepared you will probably get on the air. 

When talking to school children emphasize the matter of coopera- 
tion with the mosquito abatement agency by finding and eliminating 
mosquito breeding places. Business men will be more interested in an 
exposition of the cost of mosquito abatement and the economic values 
derived from it. A social service club will be attracted by the relation 
of mosquitoes to public health. The speech must be directed to the 
natural interests of the audience. 

Remember that most people assimilate new ideas with difficulty. 
DonH talk more than half an hour; make a few important points , 
and make them ^ery clearly ; speak slowly f clearly, and in simple 
words; under no circumstances use techmcal terms if they can be 
avoided. 
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EXHIBITS" ■ ■ 

Opportunity for effective use of an exhibit will probabty come only 
after a mosquito abatement project is in operation. Just what is to 
be shown by an exhibit depends on how much money is available, 
what type of abatement work is of greatest importance locally, and 
where and how the exhibit is to be displayed. 

One thing that always attracts attention is a jar or bowl of mos- 
quito eggs, larvae, and pupae. The best exhibit is a large fiat-sided 
museum jar with the top covered with cloth so that emerging adults 
will be retained. If mosquito fish are used to curtail mosquito breed- 
ing, exhibit the Gamhrma next to the jar of larvae. 

If drainage is the principal task, a model marsh illustrating vari- 
ous types of drainage would be appropriate. A working model, for 
example a salt marsh with rising and falling tidewater, is most effec- 
tive— anything that moves attracts attention. If, however, the proj- 
ect is principally concerned with home-grown fresh-water mosquitoes, 
a backyard scene with a rain barrel, horse trough, tin cans, and lily 
pond in evidence, marked with signs pointing out these typical breed- 
ing places, will make an excellent object lesson, especially if each 
breeding place contains a few mosquito larvae. Models may be made 
by any firm engaged in that type of work, or you may find it more 
satisfactory and less expensive to build your ovm. 

If malaria is important in the community, a diagram showung the 
life cycle of the plasmodium of malaria wdll be interesting (see 
Herms, Medical Entotnologyy 3d ed., New York, Macmillan, 1939, 
page SOI) . Somewhat similar diagrams can be made for other mos- 
quito-transmitted diseases. 

A panel of photographs depicting features of the wmrk will attract 
attention. The photos should be enlarged to at least 5 by 8 inches 
(preferably larger) and well spaced. Charts showing annual costs 
of mosquito abatement per capita, per square mile, and per $100 
assessed valuation in the local district and in other districts will be of 
interest- 

Such public gatherings as flower shows, county fairs, and “open 
house” at the city hall or county court house offer opportunities for 
a mosquito abatement exhibit. Public schools furnish locations for 
displaying the exhibit. Local merchants may be persuaded to devote 
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somie space in their windows to a mosquito abatement exhibit in con- 
nection with a civic beautification or clean-up drive. 

A well-designed exhibit attracts attention and offers the further 
advantage that interested citizens can be buttonholed and told all 
about the work. 

InFOUMATIVE PAMPHLETS 

A brief informative pamphlet or leafletj topped with a striking 
heading and written in an interesting manner, is a most useful in- 
strument for public education. Such pamphlets should be distributed 
during house-to-house inspections, at exhibits, and after public meet- 
ings where mosquito abatement has been discussed. Copies should 
be carried bj field men engaged in searching for and abating local 
mosquito breeding places and distributed to persons they encounter 
in that work. The pamphlet, by acting as a sort of calling card, will 
also lend support to the employee’s request for permission to inspect 
someone’s propertjL 

The pamphlet should tell: 1) why mosquitoes are undesirable — 
this is particularly important where malaria is prevalent ; S) how 
to avoid breeding mosquitoes; S) whom to call on for relief when 
annoyed by mosquitoes ; and 4) what, in general, the mosquito abate- 
ment agency is doing to eliminate mosquitoes, 

A striking heading is important to ensure that the pamphlet will 
not immediately find its way into the wastebasket. This eventual end 
will be further delayed if the leaflet’s contents are written in such a 
manner that the reader’s interest is captured at the start, and he is 
induced to read the leaflet all the way through because of sustained 
interest. 

Once again the particular conditions existing on a project will de- 
termine in part just how the pamphlet will read. On pages 91-96 is 
a form of leaflet which has been successfully used in a district having 
principally salt-marsh and non-malarial fresh-water mosquitoes. In 
a malarial area, the leaflet should be modified so that the essential 
facts as to malaria transmission by mosquitoes are featured. Other 
changes should be made according to local requirements as to mos- 
quito species and conditions. 
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District msPECTiosrs 

While a lioiise-to-house inspection is primarily an attempt to lo- 
cate and eliminate mosquito breeding places, it offers one of the best 
opportunities for educational work- Inspectors should be sent from 
door to door to examine each piece of property for possible mosquito 
breeding places. Wherever anyone is home the inspector should ex- 
plain the purpose of his visit and give brief information as to how 
mosquito breeding may be prevented. Whether the occupant is at home 
or not, the inspector should leave a pamphlet which tells how to avoid 
breeding mosquitoes and gives a general idea of the purpose and 
work of the local district. 

An excellent idea, though one which in practice has proven un- 
expectedly difficult, is to take a group of newspapermen, service club 
executives, or prominent leaders resident in the region for an auto 
tour to view particular phases of the work under way or completed. 

The ob'V'ious virtue of a tour of inspection, at least on a project 
where extensive drainage has been required, is that it brings home 
clearly the real size of the task at hand. Mention that you have 
drained 1000, 5000, or even 10,000 acres of swampland means little 
or nothing to most people. But take a city man out into the coiiiitiy, 
get him out of the car, make him walk a mile or so across a marsh, 
and then assure him that he hasn’t even heamn to see what has been 
done, and he will be thoroughly convinced that mosquito abatement 
is not merely a simple job of spraying a little oil here and there. 

AdVERTTSIKU IX THEATERS 

In the smaller communities it will usually be possible to get the 
proprietor of the local theater to run a few mosquito lantern slides 
along with the local advertising slides. These slides may be pithy sen- 
tences calling for public cooperation in eliminating mosquito breed- 
ing places, or warning people of the danger of mosquitoes as carriers 
of disease. They may also be pictures of work being done, with ex- 
planatory titles on the slides. 

Essay contests 

One certain way to arouse considerable public interest in mosquito 
abatement is to have an essay competition among the- school children 
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of the community. The subject of the essay may be : the mosquito, its 
life histoiy and habits; or methods of mosquito abatement; or the 
damage malaria or other mosquito-transmitted disease does to a com- 
munity. Small cash prizes may be offered for the best essays. The 
prizes should be donated by some prominent citizen or preferably by 
an organization like the chamber of commerce, the farm bureau, or a 
fraternal society. 

The presentation of the prizes should be made with considerable 
ceremony in as public a manner as possible. The essay contest should 
also have considerable newspaper publicit}?- and the winning essays 
should be published. Such a contest requires considerable work but is 
well worth while for the public interest it arouses. 

Use of the telephone 

The telephone can be an excellent tool for increasing the effective- 
ness of control measures and for building public good will. 

Telephone service should be listed at least twice in the directory, 
once under the name of the organization, and once under some cap- 
tion beginning with the word Mosquito; for example Mosquito 
Abatement District. If there is a general listing of county or city de- 
partments, it should be listed also under such heading, if an official 
agency. 

The object of such extra listings is to make it easy for any citizen 
to make a complaint or request assistance. Few’’ people wdll go to any 
great effort to report the presence of mosquitoes and if they cannot 
find easily the number in the telephone book they will grumble and 
say that the mosquito men are inefficient or negligent in their work. 
As they will look either under the city or county offices, or for the 
word mosquitOf the listing should appear at least in both places. 

In taking telephone complaints, even if irascibly and forcefully 
presented, every effort should be made to impress upon the complain- 
ant that his cooperation in giving the information is welcomed and 
appreciated. He should be thanked for it. His name, telephone num- 
ber, and address should be taken; and as soon as possible he should 
be informed what breeding was discovered, and what was done about 
it. He should also be asked to report in a few days if the infestation 
does not stop and also if he is bothered at any time in the future. If 
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the abatement work is promptly and effectively done, the complain- 
ant will become a friend and advocate of the work. 

It is probably desirable that the term sermce request,^ or some 
similar term, be used in place of the term 

The telephone can also be very useful in receiving reports from 
field men and giving them directions. This is especially true in large 
cities during the active breeding season. By having the field men call 
the office several times a day, it is possible to give them new com- 
plaints which will either save transportation expense or give quicker 
service. The promptness of service in particular will call forth public 
approval. 

It is obvious that all relations with the public via the telephone 
should be conducted in courteous language and in a pleasant tone of 
voice. The expenditure of thought and effort on this item will yield 
surprising dividends in public good will. 

Public eelations , . . 

Mosquito abatement is professional work of tremendous value to a 
mosquito-infested community. Urifortunately, to some people (par- 
ticularly to newcomers in a community who perhaps never experi- 
enced the extreme annoyance inflicted by mosquitoes) the idea of an 
agency engaged in getting rid of mosquitoes may be ridiculous. Your 
educational work must overcome this impression. Newspaper public- 
ity releases, speeches, and other forms of public education should be 
made as interesting as is possible and kept non-technical. However, 
avoid any freak publicity stunts that may make mosquito control ap- 
pear to be wsomething humorous. 

It is important that all mosquito abatement workers keep in mind 
that they represent the abatement project to all persons with wliom 
they come in contact. Discourteous employees will quickly undo the 
good that a program of education and publicity will accomplish. 
Conversely, a group of employees who are courteous, reasonable, and 
helpful in their dealings with the public are of the greatest assist- 
ance in maintaining satisfactory public relations. 
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You don’t have to suffer annoyance from irritating and sometimes dangerous 
mosquitoes. Most of the mosquitoes that formerly infested Alameda County are 
under control now. Those that you find today probably are breeding in your 
neighborhood. With your help these remaining pests can be subdued. 

How to Amid Mosquitoes 

L Get rid of all standing water on your 
premises. Remove or dump tin cans, buckets, 
barrels, jars, vases, gourds, and any other re- 
ceptacles that will hold water. Repair leaky 
plumbing and stopped-up eaves drains. 



2. Be sure that your ornamental garden 
pond is stocked with goldfish or mosquito fish. 
(Either of these fish will eat any mosquito 
eggs that are deposited in the pond.) Mosquito 
fish can be secured from the Mosquito Abatement District without charge. 

3. Kill mosquito larvae in water that cannot be removed (for e.xample: seep- 
age from springs, flooded basements, water 
tanks, and wells) by covering the water with 
a light film of fly spray or kerosene. 


4. Advise the Mosquito Abatement Dis- 
trict at once when you are bothered with mos- 
quitoes. Phone GLencourt 4544 or write the 
District at the New Court House, Oakland. 
A trained employee will be sent to locate and 
abate the mosquito breeding. 



The Alameda County Mosquito Abatement District controls mosquito breed- 
ing on 12,000 acres of marshland, along several hundred miles of creekbed, in 
10,000 sewer catch basins, and in a great many other collections of standing 
water. Your cooperation is needed to wipe out “backyard” mosquito breeding. 
Mosquitoes are smart. They prefer hidden or partly concealed standing water in 
which to lay their eggs. Spare yourself annoyance by regularly making a careful 
inspection of your premises to make sure that you are not raising mosquitoes at 
home. 


New Court House, OARt and 


Teuephonf m 





The several species of mosquitoes that must be combated here have different 
habits. Some bite in the daytime, some bite only at night. Some fly for many 
miles, others travel no farther than they must to find someone to bite. Tvyo local 
species breed in salt water on tidal marshes; the remaining types develop in fresh 
water. 

However, all species have this in common: MObQUIlOKS BREED 
ONLY IN STANDING WATER. They never breed in grass, shrubbery, or 
vines, although the adult flying mosquitoes frequently rest there. 



The common house mosquito, Ctilex pipiens, is today the most prevalent 
.species. This insect bites at dusk and after dark. It is the mosquito that gets into 
jmur house, where its song is almost as annoying as its bite. 

Culex pipiens lays several hundred eggs at a time in rafts. Out of the eggs 
liatch the larvae, popularly called “wrigglers.” These turn into pupae, from 
which the adult rvinged mosquito emerges. Only the female mosquito bites. In 
warm weatlier, the process from egg to adult takes only seven to ten days. 



People will not live where mosquitoes make life miserable. Many otheinvise 
highly desirable sections of Alameda County used to be infested with mosquitoes. 
Alameda County residents formed the Mosquito Abatement District to correct 
this situation. 

Now that most of the mosquitoes are subdued, the East Bay today is experi- 
encing an unhandicapped expansion of home building, which L bringing with it 
increased population and added payrolls that benefit the entire community. 

Improved public health, opportunity for full use ^nd enjoyment of golf 
courses, tennis courts, swimming pools, and all other outdoor recreational facili- 
ties, and increased labor efficiency are among ofther advantages produced by an 
efficient program of mosquito control. 


Figure 8. T.i;? * wt ■c'n 



Alameda County’s present relatively mpsquito-free condition is not accidental 
It is due to work that is being done constantly by the Alameda County Mosquito 
Abatement District. This is an agency of the government made up of the cities of 
Oakland, Berkeley, Alameda, Piedmont, Emeryville, San Leandro, and Hayward, 
and Eden and Washington townships. 

Nine out of ten mosquitoes that used to annoy residents of the District were 
of two particularly vicious species that develop in salt water on tidal marshes 
along the shores of the bay. These marsh mosquitoes are migratory. Hordes of 
them used to leave the marshes and fly inland throughout the District, traveling 
from 10 to 50 miles and biting those they encountered on their flights. Many 
sections of Alameda County used to be so badly infested with these migratory 
insects during summer and fall months that residents hardly dared to step out- 
of-doors. 

Today you will rarely see a marsh mosquito in the East Bay. This is because 
the Mosquito Abatement District has drained more than 12,000 acres of mosquito 
breeding marsh— an area greater than the combined areas of Berkeley, Emery- 
ville', and Piedmont. Continuous raaintenance of drainage systems is required to 
keep the marsh mosquitoes subdued. Each year District employees must clean 

out silt, marsh grass, weeds, and junk 
from more than 120 miles of drain 
ditch, repair levees and tide gates, and 
perform other maintenance work. 

Light oils and larvicides, applied 
with Spray guns, are the principal 
weapons against the several species of 
fresh water mosquitoes found locally. 
In the cities, motorcycle equipment is 
used to oil water standing in more 
than 1 0,000 sewer catch basins ( where 
gutter water runs into the sewers). 
3,700 public utility underground 
street vaults (“man-holes”), several 
hundred miles of ereekbed, roadside 
ditch, and dairy drains, and more 
than 3,000 cesspools and septic tanks 
are among other fresh water mosquito 
, „ . . breeding places that must be con- 

to Oil 10,000 Catch Basins trolled by regular oiling. 



‘'MOSQUITO FISH” eat mosquito eggs and “wrigglers” and thus will keep 
j'our garden pond from becoming a mosquito breeding place, but the fish will not 
leap into the air to catch mosquitoes that happen to be flying by. If your pond is 
already stocked with goldfish you do not need “mosquito fish,” as both do the 
same job. You do not have to feed “mosquito fish.” 

CLUBS AND ORGANIZATIONS may arrange to hear an interesting talk 
un mosquitoes and mosquito control by phoning or writing the Mosquito Abate- 
ment District, A two-reel motion picture of the District’s work is also available 
for groups of 100 or more. 

HOW LONG A MOSQUITO LIVES varies according to the species and to 
what luck the insect has in avoiding sudden death at the hands of its natural 
enemies, including man. However, in Alameda County under normal conditions 
the several species of fresh water mosquitoes appear to live about one to two 
weeks, while the marsh mosquitoes live from two to four weeks. 

EDEN TOWNSHIP residents who are being bothered with mosquitoes or who 
want “mosquito fish” should advise District Foreman L. P. Mapes, of 1391 “B” 
Street, Hayward, phone Hayward 1046. In WASHINGTON TOWNSHIP, 
advise District Foreman Roland Bendel at Decoto, phone Niles 128-W. 

ALL OF ALAMEDA COUNTY, with the exception of the city of Albany, 
and Murray and Pleasanton Townships, is within the Alameda County Mosquito 
Abatement District. The District has an area of 320 square miles (including 
approximately 60 square miles of marsh) and an estimated population of 460,000. 

TAXATION PROVIDES FUNDS for the mosquito control work done in 
Alameda County. Except for the first year of operation (1931), when much 
original heavy construction had to be done, the Mosquito Abatement District tax 
has never exceeded Ic per $100 assessed valuation. This has amounted on the 
average to from 1 /300th to 1 /600th part of the total city and county tax rates. 

THERE ARE 24 mosquito abatement districts in California. Nine districts are 
in counties adjacent to San Francisco Bay. 

NO DISEASES ARE KNOWN to be carried by mosquitoes encountered in 
Alameda County, although the hordes of mosquitoes present before control oper- 
ations began occasionally made some persons ill from the mildly poisonous effects 
of numerous mosquito bites. Malaria-carrying species never were numerous in 
this vicinity, and the few formerly present have been virtually wiped out. 

GREECE, ALBANIA, ARGENTINA, and CHINA are among foreign 
countries which have sent engineers to Alameda County to study the successful 
mosquito control methods employed here. 

FmtriiE 8, Leaflet FOR PUBUc INFORMATION fpARw 4.^ 
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In general, if the insect doesn’t bite, it isn’t a mosquito. 

Chief among local insects which look like mosquitoes are the Chironomid 
gnats, or midges. Midges sometimes are so numerous that they completely cover 
screen doors and windows. Fortunately, they cannot bite, and they do not carry 
any disease., Thfre is no practical way known to control gnats. 


The raosauito 
has a 

sharp, lance-like 
proboscis with 
which it bites. 


Mosquito larvae 
obligiuKly come 
to the Water 
.surface to get air, 
and can he 
poisoned with oil 
which gets into 
their brc<athing 
tube.?. 



Midges have no 
biting instrument. 

The bushy 
antennae (feelers) 
on the head of a 
midge also help to 
distinguish it from 
a mosquito. 


Gnat larvae 
breathe through 
gills and remain 
at the bottom 
until the moment 
when they are 
ready to emerge as 
winged insects. 


Complete drainage would halt the breeding of gnats, but this is impractical 
because they breed in lakes, reservoirs, flood waters, and even in moving streams. 
Residents can kill adult gnats in their homes with fly spray. 

Tipulidae, popularly known as crane flies, mosquito hawks, and sometimes 
as “daddy long-legs” are also occasionally mistaken for mosquitoes. Tipulidae 
are large and slow moving, and are entirely harmless. 

The Mosquito Abatement District has only a small force of employees and 
must devote all of. its efforts to the control of mosquitoes. The District cannot 
take care of gnats, bees, yellowjackets, fleas, ants, termites, spiders, or moths. 

Please advise the District at once when you are Dothered with mosquitoes but 

please make sure they are mosquitoes. 

F iGURE 8, Leaflet for public information (page 6) 


VI 

FINDING MOSQUITO BREEDING PLACES 

The eundamental requisite of mosquito abatement is the elimina- 
tion, or at least the reduction, of mosquito production. This entails 
primarily the prevention of mosquito breeding by elimination of 
breeding places or by alteration of ecological conditions so as to make 
such places unsuitable for breeding; and secondarily the destruction 
of mosquito larvae and pupae. Before either the primary or second- 
ary aims can be accomplished it is necessary to locate the places 
which contain the aquatic developmental stages of these insects. 
There are four stages in the development or metamorphosis of mos- 
quitoes: the eggs, the larvae or ‘'‘wrigglers,” the pupae, and the 
adults. The larvae and pupae must have water for their develop- 
ment, and therefore these two stages are the points of greatest vul- 
nerability. Finding the breeding places is thus the first step in the 
attack upon any and all kinds of mosquitoes. 

BREEDING PLACES PECULIAR TO SPECIES 

Finding the breeding places is greatly facilitated b}*^ the identifi.- 
cation of the species which are prevalent in a region or the cause of a 
specific complaint. The various species choose different types of breed- 
ing places which may be broadly grouped in ecological associations,'^ 
though within such groupings there may be marked variations. A 
sound basis of entomological knowledge, not only of species identifi- 
cation but also of the biology and ecology of mosquitoes, is most help- 
ful to a mosquito ‘'‘detective,” 

In an area which has been under control or observation for some 
time, so that the species of local mosquitoes are well known, the iden- 
tity of a particular culprit and the probable location of its breeding 
place can often be inferred from the wording of complaints that come 
to a mosquito abatement office. The usual complaint runs almost in 
stereotyped form. It is either: “The mosquitoes are simply terrible — 
I can’t get a wink of sleep,” or “The mosquitoes are simply terrible — 
I can’t water the lawn (or vrork in the garden) without getting bit- 
ten by thousands of the pests.” 
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The expei'ienced entomologist at once recognizes that almost cer- 
tainly two distinct species are involved in these complaints. One is 
evidently a night-flying, domestic, fresh-water breeding mosquito, 
such as CuUiC pipiens, C, qiiinquefasdatus, or a mosquito of similar 
biting habits. The other is a day-biting mosquito, most probably one 
of the salt-marsh group if within reasonable flight distance of a bay 
or estuary, otherwise some species of fresh-water breeding, day-bit- 
ing mosquito, such as Aedes mscans. When the species is known, the 
type of breeding place which must be looked for is also knoum wdthin 
certain limits. If it is certain that a salt-marsh mosquito, such as 
Aedcs dorsalis or A. sollicitamf is the species complained of, it is ob- 
viously useless to search for its breeding place in fresh-water con- 
tainers or lily ponds in the immediate vicinity. In such a case the salt 
marshes in the direction of the then or recently prevailing winds must 
be searched, though even that may be a useless gesture at that time. 
An examination of captured salt-marsh mosquitoes may yield some 
clue. If they are well clothed with wing scales, they have probably 
come from near-by marshes ; but if the wing scales are scanty for that 
species, the insect has probably had a long, hard journey from distant 
marshes. Thirty or forty miles is not an uncommon range (see Fig- 
ure 9) for some species of salt-marsh mosquitoes, especially Aedes 
squamiger; some flights of over fifty miles have been observed ; prob- 
ably the longest flight^ that has been properly documented is that of 
a swarm of Aedes soZh*c«ia?i^ which reached the steamer Cristobal 
Colon while 110 miles off Cape Hatteras on September 11, 19^*7. 

On the other hand, if it is a night-biting, indoor mosquito that is 
complained of, it is probably one of the fresh-water breeding, do- 
mestic types, and the source of breeding is probably in the near vi- 
cinity, usually, though not necessarily, within a few hundred feet. 
However, here a knowledge of the species of mosquito will save time 
and effort in locating the breeding place. If it is CwZca? pipkns we 
would look for local lily ponds, buckets, barrels, tin cans, cesspools, 
street vaults, catch basins, and similar collections of water. But if it is 
Aedes varipalpus, usually a day biter, look for w^ater-filled holes 
in trees which are their natural breeding places. 

In searching for the breeding places of the common fresh-water 
species, care should be taken not to be misled by certain widely held 
notions as to the flight range of mosquitoes. It is commonly said that 




Figure 9. Map showing the annual migration of Aedes squamiger in the 
San Francisco Bay region 
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the anopheline species and the house or domestic types of culicines do 
not travel more than a few hundred feet from their breeding places. 
That is only partially time. The travel habits of many of our well- 
known species are imperfectly understood, but it appears probable 
that the distance and direction of travel depend upon several fac- 
tors, among the most important being the distance between the place 
of breeding and the place where warm-blooded animals (including 
man) are in sufficient numbers to furnish an adequate food supply. 
If an adequate food supply is close to the breeding places, the mos- 
quitoes probably will not travel far; but if there are no warm-blooded 
animals adjacent to the breeding places or if there are inadequate 
numbers of animals, it appears probable that they will travel consid- 
erable distances in order to I'each an adequate food supply. 

The relationship of breeding place and food supply has not been 
adequately studied ; it may explain many uncertainties in the travel 
habits of mosquitoes. It is even possible that it may explain, at least 
in part, the great migrations of salt-marsh mosquitoes, as it is evi- 
dently impossible that the warm-blooded animals on or adjacent to 
salt marsbes are sufficient to feed more than a small percentage of 
the enormous mosquito output of such marshes, 

Clarke® has made some very interesting studies on the flight range 
of and pjpiens, using a starch-dye staining tech- 

nique developed by him,^ and determining the distance of travel and 
approximately the rate of progression by captures with the New Jer- 
sey type light traps. He found that the males of Aedes 'vcooam accom- 
panied the females on migration, which had been observed to some 
extent previously, but he also found that a considerable number of 
male Oulese pipims accompanied the females, and that both male and 
female Culeso pipiens migrated much further (about nine and one- 
lialf miles) than has been heretofore recorded or considered to be 
possible for this species. Clarke’s experiment should be checked by 
similar studies in other areas, and in particular it should be deter- 
mined whether the variety of Culeso pipiens observed is the compara- 
tively non-biting Culex pipiens pipiens^ which breeds in relatively 
clear water somewhat open to sunlight, or the more strictly domestic, 
biting variety, Culex pipiens Tnolestus, which breeds by preference in 
foul water, almost always w^ell covered or at least heavily shaded. 

Another thing to take into account is the time of the year in rela- 
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tion to the migratory habits of certain species. For example, Anophe- 
les maculipennis ft eeborni, in California, goes on a dispersal flight 
twice a year, in the spring (about February SO) and in the autumn 
(early October) , when it apparently disperses radially for many^ miles 
from the breeding places.^ Under such conditions it would be foolish 
to confine inspections to the close vicinity of the place where the mos- 
quitoes are found. 

Under some circumstances it would be entirely useless to look for 
the breeding places of a particular mosquito at the time the com- 
plaint is received. For example, Aedes communis or A. intrudms 
adults caught in August would indicate the futility of seeking their 
breeding place at tJiat time, as these species are single brooded and 
are hatched in the spring. No larvae or pupae of either species could 
be found at that time of the year. 

Obviously, in view of the foregoing, a knowledge of the species of 
mosquitoes involved in a complaint is necessary for two reasons : a) 
to ensure effective abatement ; b) to prevent useless work and expense 
in abatement. 

In preliminary investigations of a region in which mosquito abate- 
ment is proposed, it is also necessary that the several species of preva- 
lent mosquitoes must be determined. Upon the species depends to 
a great extent the types of abatement procedures which will be 
adopted, the area which must be included for effective work, and the 
cost of the work. The species present, considered in relation to their 
environment, may also determine whether a generalized attack on all 
species of mosquitoes will be attempted or efforts limited to one or 
a few species of greatest importance (species sanitation). 

CAPTURING MOSQUITOES FOR SPECIES IDENTIFICATION 

In searching for adult mosquitoes for species determination, a few 
simple rules should be observed. Both male and female specimens 
should be collected. During the day few adult mosquitoes are active 
and so must be found in their hiding places. Generally most species 
will be found in dark, cool, and moist places, under bridges in rural 
areas, and under houses and in basements and cellars in towns. 
Within houses, the adults may usually be found hiding behind pic- 
tures, in draperies, closets, and the like. In rural areas, the outdoor 
privy is a favorite hiding place for mosquitoes. An electric flashlight 
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is very useful in the search, as the light beam can be flashed along 
the ceiling and into the dark corners to locate the insects. 

During the middle of the day, some species, such as Aedes dorsalis^ 
hide in shrubbery and usually can be found by shaking the bushes. 
Some species will attack humans during the day in the shade and re- 
quire no special efforts to locate. 

Simple DEVICES 

A small net on a handle is useful in collecting specimens, but a 
small glass vial, straight-sided and without a lip, is usually all that 
is necessary. The vial can be slipped over the mosquito while at rest. 
The advantage of the glass vial is that less damage is apt to be done 
to the mosquito than if swept into a net. A cyanide bottle is a useful 
collecting device. This is made by pouring about one-inch depth of 
wet plaster of Paris over a small quantity of sodium or potassium 
cyanide in the bottom of the vial, and covering it with a circular disk 
of blotting paper. A similar viaP using chloroform-saturated rubber 
bands or cotton is a substitute for the cyanide bottle. In grass, sweep- 
ing with a collecting net may be the only successful method for col- 
lecting specimens. 

If it is desired to catch the mosquitoes and keep them alive, the 
sucking tube is the best device. This is made of a piece of three- 
quarter-inch diameter .glass tubing about one foot long, drawm 
abruptly down to a diameter of about one-fourth inch at one end. To 
this end attach about two feet of quarter-inch rubber tubing. Fit a 
piece of fine wire gauze into the small end of the glass tube to pre- 
vent specimens being sucked into the rubber tube. In operation, the 
open end of the rubber tube is inserted into the mouth, and the open 
end of the glass tube is placed near the mosquito ; a sharp suck of 
the breath pulls the mosquito into the tube. The palm of the left hand 
should be quickly placed over the open end of the glass tube, and the 
mosquito examined and approximately identified. If it is to be kept, 
it can then be blown into a collecting bottle. 

Mosuuito traps 

There are several forms of traps for catching adult mosquitoes for 
identification or for other purposes. Provided the usefulness and 
limitations of each type are understood, these traps can give infor- 
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Figure 13. Organic debris, or floatage, which protects mo.sqiiito 
larvae, particularly Anopheles qiiadrimaculaUis, 
from their natural enemies 
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mation as to the mosquito species present in an area, their travel 
habits, and other data. 

In searching for adult mosquitoes, the simplest procedure is to 
look for them in natural roosting or hiding places during the day. The 
habits of each species will determine where they will be found ; for ex- 
ample, Haemogogus capricornii retires to palm tops during the day. 
But the usual daytime refuges are under small bridges, in culverts, in 
heavy shrubbery, or in barns, pigpens, and houses, cellars, closets, 
and the like. Traps can be made to simulate such natural roosting 
places. Inverted barrels, kegs,'^ or boxes, properly placed, will act as 
traps for such species b.s Anopheles quadrimaculatus. 

Magoon® in Jamaica, G. G. Payne in Haiti, and W. G. Earle in 
Puerto Rico made use of portable stable traps, which presumably can 
be expected to attract relatively more of the zoophilous species than 
of the anthropophilous species. In some cases in Africa trap houses 
have been used, with living natives as the bait. Metz® in 1918-19 in 
Florida, ohserYmg th&t Anopheles were strongly attracted by swine, 
experimented with portable pigpen traps, and found that their use 
apparently greatly reduced the numbers of Anopheles (A. quad- 
rimaculatus and A. crucians) in near-by buildings. Like Metz, we 
also found that covered pigpens in the vicinity of houses are excel- 
lent mosquito-catching stations, and will usually present numerous 
specimens of all the mosquito species in that locality, especially the 
anophelines. 

Large animals, such as horses and cows, can frequently be used as 
collecting posts, using a sucking tube or a chloroform tube as a catch- 
ing device. Similarly, a man remaining stationary may also be used 
as a collection point. However, some form of light trap has been gen- 
erally used as an artificial attractant and catching device. 

During the early days of construction of the Panama Canal, Le- 
Prince made use of mosquito traps to assist in determining prevalent 
species of mosquitoes and in studying their habits and to supplement 
hand-catching control ’work in barracks and houses. 

LePrince’s observations are of interest in many ways. He noticed 
that culicine mosquitoes would be attracted to strong lights such as 
electric arcs, but that the Isthmian anophelines found strong lights 
repulsive. He found, by trial with an experimental house at Corozal,^® 
that increase or decrease of electric light in buildings apparently 
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made little difference in the nnmher of anophelines entering ; if the 
lights were increased, the cnlicines entering increased ; if a building 
was empty, with or without lights, only an occasional Anopheles en- 
tered; but when one or two men slept in the building the Anopheles 
crowded through small openings into the building and bit the men, 
whether the building was lighted or not. 

In experimenting with traps LePrince (Zoc. cii, p. S16) found 
that traps must be attached to windows on the lee side of buildings 
to catch anophelines, and that if tw'o screened buildings, one occupied 
and one vacant, were furnished with traps, no Anopheles entered the 
traps attached to the vacant building. 

These observations of LePrince can be easily confirmed by simple 
experiments, and by observation of mosquitoes. We have found that 
Aiiophcles inaculipennis freebomi is deterred from attacking by a 
strong light, but will attack freely after dark, both indoors and out- 
doors, either in a subdued light or in the dark. Within houses Culew 
pipiens will usually not attack in strongly lighted rooms, at any hour 
of the night, but will attack promptly when the lights are extin- 
guished. It is a matter of common observation that most ..4 spe- 
cies are primarily crepuscular (twilight) and daytime biters, and 
seldom attack in complete darkness, ^ 

Obviously, therefore, the reactions to light of the various genera, 
and to some extent species, of mosquitoes vary considerably, and may 
greatly affect quantitative catches by light traps. Intensity and color 
of light may also make appreciable differences as attractants or re- 
pellants of mosquitoes. 

Headlee’^^ found that both the intensity and the frequency of radi- 
ant energy (light) have a marked effect on the attraction or repul- 
sion of mosquitoes, On comparative tests with several types of light, 
using a SS-w'^att frosted electric globe as a base, he found the relative 
attractive power of different colored lights, corrected to the same 
basis of radiant energy, was as follows : 


White 1.0 

Red g.l 

Green-yellow 12.3 

Blae 21.5 
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Headlee’s experiments apparently took no cognizance of increased 
or decreased intensity of colored lights in relation to relative attrac- 
tion for each light j and gave no analysis of effect upon widely vary- 
ing species of mosquitoes. 

Nuttallj^^ experimenting with unilluminated boxes lined with col- 
ored cloth and using Anopheles maculipennis, found a decided pref- 
erence for dark blue as compared with greens, yellows, reds, and 
white. But LePrince (personal communication), working with 
Anopheles quadrimaculatiis, found no color preference for roosting 
surfaces. 

One of us (W.B.H.) has for many years conducted experiments 
on the effect of monochromatic lights upon many types of insects, 
including a few species of mosquitoes (for example, Aedes dorsalis). 
These experiments are still under way, but they indicate not only 
decided species preference for certain colors of light, but also that a 
color which will relatively attract one species will relatively repel an- 
other species. 

Combining these various observations and admitting that there are 
great gaps in our information as to both the light reactions of most 
species of mosquitoes and other stimuli which attract or repel them, 
we seem to be justified in concluding that the use of light traps, which 
has in recent years been widespread as a method of sampling mos- 
quito populations in an area and determining relative prevalence of 
various species, may give information that is erroneous or inade- 
quate. It is possible that light traps would attract a relatively large 
proportion of the Aedes species in an area, and a relatively small 
numloQT of Culesc diiid Anopheles. 

In an endeavor to increase the attractive and catching capacity of 
light traps, several devices have been used. In 19S8 Herras and Bur- 
gess^® developed a light trap with a suction fan, to increase the catch 
of strongly phototropic positive gnats IChaoboris asUctopus (— C. 
lacustrus) ] . Recently it has been determined that carbon dioxide is an 
attractant to mosquitoes, and Reeves and Hammon^^ constructed a 
trap successfully using carbon dioxide (dry ice) , a light, and a fan. 
The entire equipment, however, is rather cumbersome. 

The type of light trap which has been most widely used in the 
United States is known as the New Jersey light trap.^"’ In some 
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localities the users of these traps appear to be well satisfied with their 
performance ; others, such as Huffakerd®’ Hart,^^ Mulrennan,® and 
Huff aker and Back,^'^ haye called attention to relative discrepancies 
between the numbers of various species caught by the light traps and 
the probable relative numbers of the several species as determined by 
other methods. The studies of Huffaker and BacF^ are particularly 
informative. They conclude that 

A consideration of the empirical data as well as purely theoretical concepts 
has convinced the writers that the New Jersey mosquito trap does not catch a 
representative sample of a mixed mosquito population. Different species may 
be attracted in different degrees, depending upon the prevailing conditions and 
the species. 

Both Mulrennan® and Bradley^^ call attention to the inadequacy 
of light traps in measuring the density of Anopheles quadrimaculatus, 
and Jones^ calls attention to the discrepancies between A. quad- 
rimaculatus production and the catches of tins species in light traps. 

The placement of mosquito traps will change their effectiveness in 
capturing mosquitoes. There is still much to be learned about trap 
placement, particularly with reference to capture of different species, 
and as indices or guides to the location of production points. In gen- 
eral, traps should be placed in sheltered locations, protected against 
wind; they should be several feet above ground and away from com- 
peting lights, such as street lights; they should also be protected 
against being tampered with by curious or malicious persons; and 
should be conveniently accessible. 

The nightly catches in traps must be collected daily and marked 
for identification, the trap serviced and a new collecting bag or box 
placed, and the catch brought to the laboratory. Here an entomologist 
first separates the mosquitoes from other insects (usually the mos- 
quitoes are a small minority of the total catch) ; then the mosquitoes 
are separated into groups, such as Aedes, Culeoo^ Anopheles, Psoroph- 
ora, and so forth, and finally separated into species, counted, and 
recorded. 

A number of mosquito abatement agencies have used traps as a 
means of gauging the relative prevalence of mosquitoes during a sea- 
son or from year to year. If all other conditions remained constant, 
traps might give a relative picture of the prevalence of some species, 
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but the other variables such as temperature, wind, humidity, and so 
forth, are not constant and therefore the results of such comparisons 
should not be too literally depended upom 

CovelF^ lists and describes a number of different types of mos- 
quito traps, ranging from very simple to rather complex devices, 
most of which have been used in the tropics. 

Capturing MosuuiTO LARVAE 

Mosquito larvae and pupae are searched for not only to deter- 
mine the production places of mosquitoes, so that control measures 
may be applied to them, but also to determine the breeding places of 
the important species in cases where a selective attack (species sani- 
tation) is to be made upon a disease vector or pest. Inspections are 
also made to determine the effectiveness of control measures, and col- 
lections are made for purposes of identification and classification. 

Inspections and collections may be general, to locate all types of 
breeding, or specific, to locate only the breeding places of a particular 
species against which selective control is to be applied. For either 
type, a reasonable knowledge of the breeding habits of mosquitoes is 
necessary, ■ 

Inspections for and collections of mosquito larvae should be made 
thoroughly and systematically, and properly recorded on forms, pref- 
erably on a single card or sheet for each collection point. The point 
should be accurately located on an inspection map b}^ serial number 
or other designation, the corresponding number being placed on the 
record and on the sample collected. Al^to be rejcpi'ded are the 
of breeding place (swamj^, pool, pond, hoofprint, stream, tree hole, 
bromeliad) ; presence or absence of sunlight; whether water is fresh 
or brackish ; presence of floatage, emergent vegetation, and the like; 
weather conditions ; average number of larvae per dip^; and any other 
pertinent information. 

If field identifications are made at the time of collection, these 
should also be entered'*'on the record form; 

In making larval inspections and collections in a new area it is de- 
sirable first to size up the lay of the land and pick out the locations 
where breeding water most probably occurs. Upon reaching the breed- 
ing water, there should not be too much hurry to start collecting speci- 
mens ; the water surface should be observed to locate areas where 
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Jarvae appear to be most numerous and easy to get at, and to deter- 
mine roughly what types (such as anophelines or cuHcines) are pres- 
ent and whether the species segregate or intermingle. The environ- 
mental conditions should be recorded and then the actual collection 
made. 

A common white enamel dipper, having a top diameter of from 
four to six Inches, and a depth of two toAhree inches, with a tubular 
handle, is the most useful tool for collecting larvae and pupae. A 
wood extension handle three to four feet long is helpful in reaching 
places which are, difficult to get at, but the dipper can ordinarily be 
used without the handle. A small kitchen strainer made of fine metal 
gauze is occasionally a helpful tool. 

It is frequently necessary to put on rubber boots and wade out into 
an area in order to obtain representative collections. 

Two types of dips may be used: 1) a sweeping motion with the 
dipper held at an angle and with the lip just below the water surface ; 
S) plunging the dipper directly down into the water, and promptly 
withdrawing it. Each must be done quickly, and a little practice is 
necessary to get good results. 

If there is much surface floatage, algae mats, or floating aquatic 
plants, these should be removed or brushed aside before attempting to 
dip (note: Anopheles larvae may be found in algae mats). In the 
presence of reeds, tules, rice, and other emergent vegetation, it may 
be necessary to push the growths aside, pull them out, or cut them 
down to furnish a clear area for dipping. In some shallo^¥ pools 
muddying the water by stirring up the bottom may help in causing 
the larvae to stand out more visibly against the muddy water back- 
ground and to come to the surface more promptly. 

If the larvae and pupae are frightened to the bottom by a heavy 
tread or a shadow cast on the surface, it will be necessary to wait 
quietly for a few moments after getting into position, until they re- 
turn to the water surface, before making a dip. 

In collecting from tree holes either a glass tube with a rubber bulb 
aspirator on the end, or a length of rubber tubing (one-fourth or 
three-eighths inch internal diameter) operated as a siphon, may be 
used to get the water and larvae out of the holes. A pail is often use- 
ful in such cases, as we have siphoned over five gallons out of some 
tree holes. 
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In collecting from bromeliads,^ it may be better to cut the plant 
from the tree, lower it in a vertical position to the gromicl, using a 
rope, and then invert it carefully over a tub to collect the water and 
larvae. 

In collecting for Mansonia which attaches itself to hollow-stemmed 
grasses below the water surface, it will be necessary to dig up or pull 
up such grasses and place them in a pail or tub of water in order to 
search for the larvae. 

As the breeding places are found they can be marked for future ref- 
erence, or for the control units, either by a conspicuously painted 
tall stake or by a tall stake with a colored dag. When the control work 
is applied, a different colored stake or flag may be substituted. 

When the catch is obtained it may be examined in the dipper, and 
the larvae approximately identified. If the catch is to be sent to a 
laboratory for identification, large debris should be removed, the dip- 
per tapped sharply to drive the larvae to the bottom, the upper water 
poured off carefully, and the remaining water with the larvae trans- 
ferred to the collection bottle. Another method is to use an ordmary 
medicine dropper, with the narrow point cut off to enlarge the open- 
ing ; the sharp edges should be rounded by fusing in a flame. 

If the water is very foul or muddy, it may be poured through a 
small strainer, the dipper refilled with clean water, the strainer placed 
therein, and the larvae allowed to swim off. 

For sending samples of larvae and pupae to the laboratory, ordi- 
nary wide-mouthed eight-ounce bottles fitted with screw caps or 
corks are satisfactory. Special shipping bottles with a short length 
of glass tube through the cork, projecting both inside and outside, 
have been used successfully. Sample bottles should be kept upright in 
partitioned fiber or wood boxes for transportation, In hot weather it 
is better to ship them on ice in a metal container such as a small auto- 
mobile ice chest.® 

Collections of larvae and pupae may be carried on over a large 
area if a general survey is being made, or may be confined to a limited 
area if a control project to protect only a definite locality is involved. 
They may be a part of an initial survey to determine what species 
are present and where they breed, or they may be a part of control 
surveys to check on the progress and effectiveness of the abatement 
work. 
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Collecting MosctuiTo EGGS 

Culex eggs, which are laid in conspicuous masses (egg rafts) which, 
look much like specks of soot floating on the water, are easily found 
and collected. Anopheles eggs are difficult to find in nature, as they 
are laid singly on the water surface. .. 

The eggs of most species are laid singly on moist surfaces in 
places which may later become covered witli water. On salt marshes 
the eggs are laid on the soil surface, frequently in cracks, or on 
marsh vegetation near the ground surface. Bradley and Travis"'" have 
developed a technique of soil sampling to determine the distribution 
and relative numbers of Aedes eggs on marshes. They used as a sam- 
pling device a sheet metal ring, inches in diameter and one inch 
wide, mounted by metal strips on the end of a three-foot hoe handle. 
The area of the sampler is eight square inches. This is forced into 
the marsh surface and the enclosed soil is cut off with a sharp edged 
trowel and lifted out. 

Samples are taken at suitable points on parallel lines laid out across 
the marsh. In general it was found that eggs were more numerous at 
the tops of the hummocks, v 

Samples are taken to the laboratory, placed in glass jars and im- 
mersed in water. The number of larvae hatching in twenty-four hours' 
is counted. 

It might be more convenient for calculations of mosquito output 
on an area basis to use a ring 4.28 inches in diameter (inside) which 
has an area of one-tenth square foot. Instead of flooding the samples 
to hatch the larvae, the number of eggs in the sample can be counted 
directly by drying and pulverizing the sample, and screening it be- 
tween thirty-mesh and fifty-mesh screens. The eggs will be retained 
on the fifty-mesh screen and can be easily counted under a low power 
microscope.^^" 

ORGANIZED INSPECTIONS 

Inspections for locating mosquito breeding places are usually of 
four kinds : 

PreHniuiary sTixvey of a region to deterniine the getiera.l location and ex- 
tent of breeding places 

2. District inspection when the abatement project is launched 
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3. Inspections upon complaint of mosquito prevalence 

4. Follow-up inspections 

Preliminary^ simvEYS, 

The need for a general survey of the region, preliminary to the 
organization of a mosquito abatement project, was pointed out in 
CHAPTER IV. Such a survey should be conducted by an experienced 
entomologist who will be able to identify the species of mosquitoes 
prevalent in the region, direct the search for their breeding places, 
determine roughly the extent of both marsh and domestic breeding, 
and advise on the specific measures for their abatement. 

The extent of territory to be included in the project and the abate- 
ment procedures to be adopted depend to a great extent upon the 
species of mosquitoes in the region. If salt-marsh mosquitoes are con- 
cerned, the area included, the cost of the work, and the abatement 
methods will differ greatly from a project in which only fresh-water 
mosquitoes are concerned. 

Sometimes mosquito abatement projects are organized without in- 
cluding all the territory necessary for really effective work, either 
because of inadequate preliminary studies or ignorance, or sometimes 
because of political interference. On the other hand, it is possible to 
include in a project areas which will not be benefited. 

District INSPECTION 

In the early stages of mosquito abatement, it is highly desirable 
to organize and carry out thorough house-to-house inspection of 
every dwelling and commercial or industrial building in the area to 
be controlled. In large cities this may require more than one season 
to complete. 

The work of inspection must be organized properly for efficient 
and economical coverage and the personnel must be carefully selected. 
The inspectors must not only be intelligent and wtII trained on the 
technical side of their work, but they must be capable of meeting all 
types of people and educating them without offending them. We 
have used with good results college students specializing in either 
entomology or sanitary engineering. Such men are available during 
the summer months. The bulk of the work, however, must be carried 
on by the regular personnel, and it should therefore be planned in 



112 MOSQUITO CONTROL 

such a way that it can be taken up or laid aside temporarily accord- 
ing to the major requirements of drainage or oiling work. 

In inspecting large tracts of marsh to locate the precise areas 
where there is breeding, it is ahvays advisable to mark off the marsh 
into definite sections, which can be completed one at a time. It is a 
common experience that inspection of an extensive marsh area, say 
of 500 acres or more, will not be thorough unless systematized so that 
no portion is overlooked. 

One way that is fairly satisfactory is to use stakes, six to eight 
feet long, preferably painted white or bright orange, as markers set 
along the edges of the marsh and about at the mid-point of the marsh, 
and dividing it into strips about SOO feet wdde. An inspector can 
then go over each strip in turn, or several men can be worked at a 
time by assigning each man to a strip. The inspector can line him- 
self up with the three stakes by eye, so that he knows when he has 
come to the edge of the strip. Breeding areas, when located, can be 
marked (either for a following oiling crew or for future examina- 
tion) by setting up a plain unpainted stake in the center of the breed- 
ing area. 

The method can be used successfully on extensive marshes which 
are not wooded or have very fei? trees. It is applicable especially to 
extensive salt marshes. It cannot be used on swamps with dense, tall 
grasses or tules or many trees. 

Inspections eoelowing compeaints 

The form in which a complaint or service request is made will often 
indicate the best method of inspection. Frequently the complainant 
will state that she (it is usually a woman who sends in the report) sus- 
pects a neighbor’s premises as the breeding place, and doesn’t want it 
known that she complained. Fear of unpleasantness in the neighbor- 
hood is the reason for this. In such cases it is advisable to begin the 
inspection a few houses distant (if in an urban area) from the com- 
plainant and ask at each house whether they have noticed any mos- 
quitoes recently. If present, it will he possible within a short time to 
define the limits of the area in which mosquitoes have been noticed. The 
breeding place will be either near the center of the infested area, or if 
in a region where there is a fairly steadily prevailing breeze, near the 
windward edge of the area. The premises of the complainant will be 
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examined during the inspection and the same inquiries made as were 
made of the other persons in the neighborhood. 

While making inquiries as to mosquito prevalence, inspections of 
premises for breeding places can be carried on and also search for 
adults to determine the species. 

Another form of complaint that may be received is that the com- 
plainant was badly bitten at a certain place the previous evening. In 
such cases also it is advisable to conduct the inspection as if it were 
being made as a routine matter rather than the follow-up of a com- 
plaint. 

Routine inspections, either in urban districts or rural territory, 
should be made the basis for educational work. The occupant should 
be called on before the inspection is begun, the purpose of the visit 
explained, and the occupant asked to accompany the inspector about 
the place. When a breeding place is found, the larvae and pupae 
should be pointed out and the proper remedy explained and, if pos- 
sible, applied on the spot. 

Under some circumstances it may be necessary to make inspections 
at night, especially if daytime inspections fail to locate the source of 
breeding or fail to find adult mosquitoes. In that case the inspector 
has to use himself as a decoy for the mosquitoes and by judging 
from the frequency w-ith which he is attacked, determine when he is 
nearest to the breeding place. Night inspections may be necessary in 
cases where it is especially difficult to locate the breeding place. 

It is not necessary to resort to an elaborate system of recording the 
information obtained on routine, or on complaint, inspections. A 
well-trained and experienced inspector will usually find the breeding 
place, if any, within a few minutes. The occasional difficult case, how- 
ever, may make necessary a careful analysis of all available informa- 
tion. In that case, the data for each premise may be recorded on cards, 
and a “spot” or “pin” map made use of. The proper relative weight 
should be given to matters of fact as determined by competent inspec- 
tors and to matters of opinion uttered by residents who have no tech- 
nical knowledge of the subject. 

The average person has little or no understanding of the life his- 
tories of the different species of mosquitoes and he soraetimes has 
peculiar ideas as to their breeding places. People frequently make 
what may be termed the error of the obvious. If there is a creek or a 
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reservoir in their vicinity, they will attribute all their mosquitoes to 
such places, which on inspection may be found to be entirely free 
from mosquito breeding. As a rule, the opinions expressed by the 
average citizen are of small value and should be tested and confirmed 
or rejected on the basis of facts. Even the statement that they are 
bothered and bitten by mosquitoes is at times erroneous or even will- 
fully wrong, though the latter is rare. In some cases people who see 
small swarms of gnats or midges will report them as mosquitoes. Oc- 
casionally persons will report annoyance from mosquitoes when there 
are none present, for the purpose of obtaining, if possible, the cor- 
rection of some unsanitary condition in the vicinity which has no re- 
lation to mosquito breeding. 

In some cases people may grossly exaggerate the number of mos- 
quitoes present, with the idea probably of getting more or quicker 
attention from the official in charge of mosquito abatement. Some 
people are supersensitive and will magnif}’^ one mosquito into a whole 
fleet of imaginary gallinippers. Also an occasional practical joker 
will be encountered who will make a complaint merely because the 
whole idea seems humorous to him. 

On the other hand, people wdll frequently^ be found who will either 
minimize the presence of mosquitoes, even of a severe infestation, or 
deny their presence entirely. These are of two types, as a rule : the 
insensitive person who does not notice the presence of insects, or the 
person who conceals the matter from ignorance or from fear of prose- 
cution or from fear of the animosity of neighbors. In all cases the in- 
spector should endeavor to develop the facts from his own investiga- 
tion and observation. 

While it is no doubt true that a natural detective sense is more 
thoroughly developed in some men than in others, and that they be- 
come more proficient than others in locating mosquito breeding 
places, nevertheless excellent and effective work can be done by any- 
one who will take the pains to do a thorough and complete job of in- 
spection. Many cases have come to our attention where good results 
were not secured simply because of lack of thoroughness. Too fre- 
quently the obvious thing is taken as the breeding place when it is 
really only a minor point. Eor example, on a complaint, a rain barrel 
and a lily pond may be found breeding mosquitoes and accepted as the 
cause of the complaint, when actually a concealed cesspool may be the 
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source of the greatest number of mosquitoes in the vicinity, Two ex- 
amples which occurred in Oakland, California, may be cited. 

In the first case, complaints were received from an apartment house near 
the center of the city that mosquitoes were very bad at night. The region was 
inspected and two lily ponds, a few tin cans, and a sewer catch basin were 
found breeding. The people were told that the mosquitoes had been abated 
and that the trouble would probably stop. In a few days, however, more com- 
plaints were received and another inspection made, but nothing new was 
located. From then on for a week or more the complaints became frequent 
and bitter, and much criticism of the mcomi>etence of the inspectors was 
voiced. Other inspectors were brought in who went over the area carefully 
and independently but could find nothing new of sufficient importance to pro- 
duce the really great infestation. It was then necessary for the engineer of 
the district to review carefully all the facts and evidence on the ground and, 
by process of logical deduction from the number of adults found and the di- 
rection of the prevailing winds, to narrow the locality of the breeding place 
down to a radius of perhaps fifty feet. Within that radius it was evident that 
there must be a considerable surface of concealed water, which was finally 
discovered in a room under a building walled in and floored over so as to be 
completely concealed, although leaving ample cracks and crevices for the 
entrance and exit of mosquitoes. The water came from a natural spring. The 
water surface in this room was twenty by thirty feet in surface dimensions, 
and about four feet deep. Culeai pipiens were breeding in vast numbers. The 
water was immediately oiled and the infestation cleared up promptly. 

In the other case, it required about two months of inspections and constant 
reinspections to clear up an infestation in a small residential area, during 
which period the residents did not regard the ability of the abatement forces 
very highly. A series of abandoned wells and some wet basements were ulti- 
mately found to be breeding Culew pipiens. Move thorough inspection in the 
beginning would have produced results more quickly, but the inspectors as 
well as the residents were deceived by some obvious breeding places. 

We also know of a number of cases where infestations of Cttlex pipiens mo- 
have persisted in concealed breeding places for several years in spite of 
intensive searches for the source. In one case it was seven years before a for- 
gotten underground cesspool was finally found. 

Probably the most difficult breeding places to locate are those re- 
sulting from a broken or clogged sewer or drain under an old build- 
ing, particularly if the lower floor of the building is near ground 
level and there is two feet or less clearance between the ground sur- 
face and the bottom of tlii floor joists. A number of such cases have 
come to our attention ; sometimes it has taken seyeral weeks of inten- 



sive search to locate the breeding place. Usualty such breeding places 
can be located only by tearing up some of the floor boards. 

It is usual practice, when a mosquito breeding place is found, to 
show it to the occupant of the premises and inform him (or her) how 
to prevent future breeding. Often this is all that is required to pre- 
vent a repetition. But in a great many cases, either through careless- 
ness, indifference, or ignorance, breeding will reoccur. 

FolLOW-UP INSPECTIONS 

Successful control work therefore demands that occasional follow- 
up inspections be made to prevent a recurrence of the trouble. This 
is the weakest point in most mosquito abatement projects as funds 
are frequently inadequate for thorough reinspections. Complaints 
and the location of new or not heretofore discovered breeding places 
take most of the energies of the available personnel, so that reinspec- 
tion tends to be neglected. 

The proper handling of reinspections requires some form of office 
system wliich will make it possible to systemize the work so that a 
considerable number of places can be covered in minimum time and 
with the least travel. For this purpose, cities can be divided into sec- 
tions. The premises to be inspected within such sections can be spotted 
on a- map and the inspector then routed for the least amount of travel. 
The information for the inspector may be placed either on cards, ar- 
ranged in the order to be examined, or on a route sheet. 
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VII 

ABATEMENT METHODS: GENERAL PRINCIPLES 

In the selection and application of abatement methods, a few prin- 
ciples and practical considerations deserve special attention. 

Effectiveness and economy 

Principles basic to all abatement work are: 1) that mosquito pro- 
duction shall be eliminated as completely as is possible under the ex- 
isting conditions and S) that primary methods of abatement such as 
drainage or naturalistic control shall be used to the fullest extent 
possible, in preference to secondary measures such as oiling. These 
are the ideals which should be aimed at. Situations will be encoun- 
tered in which they cannot be attained practically or within reasonable 
cost limits, and under such circumstances some form of compromise 
must be resorted to ; but the fundamental aim of effective control of 
mosquito production and emphasis on primary abatement measures 
should never be lost sight of. 

It is to be noted particularly that the elimination of mosquito pro-- 
duction is the fundamental requisite of mosquito abatement. We can- 
not emphasize this too strongly, and even at the risk of repetition we 
will reiterate and re-emphasize it throughout this book. There are 
certain situations of minor importance where measures for the de- 
struction of adult mosquitoes are useful in the anti-mosquito cam- 
paign, but they are limited usually to tropical situations and military 
campaigns. Prevention of mosquito breeding, on the other hand, or 
the destruction of the larval forms of the mosquito if it is not prac- 
ticable or possible to eliminate mosquito breeding places, is of major 
importance in the abatement campaign. 

If, as is usually the case, more than one method of abatement is 
effectively applicable, the method of choice will be that ’which is most 
economical. Assume, for instance, two methods, one of -v^hicli can be 
expected to effect ninety-five per cent reduction of mosquito breed- 
ing at an annual charge of four dollars per acre of breeding area, 
and another which can be expected to effect ninety per cent reduc- 
tion at a yearly cost of two and a half dollars per acre. If the five per 


120 MOSQUITO CONTROL 

cent difference in mosquito output will not cause an appreciable dif- 
ference in either disease transmission or personal comforts the second 
method should be chosen. Eut remember always that the mosquitoes 
you fail to destroy cause the public to complain. 

In general, it may be stated as axiomatic that in urban areas in 
the temperate zone complete abatement of all species of mosquitoes 
should be the aim. The people who pay taxes for mosquito abate- 
ment expect results and excuses do not allay the misery of dengue or 
the irritation caused by mosquito bites and disturbed sleep. Com- 
plete eradication is probably impossible even under urban conditions 
because the average person’s carelessness creates new breeding places 
faster than any reasonable abatement force can locate them. 

If disease prevention is the primary purpose, as it must be in areas 
infested by disease-carrying mosquitoes, then the abatement meas- 
ures must be directed first against those species which are disease 
vectors and the initial aim should be to reduce their numbers below 
the point where they can be effective in transmitting the disease. For 
any mosquito-transmitted disease in a particular region there is an 
approximate number of vector mosquitoes per capita above which 
the disease will be endemic and below which it will decHne to merely 
occasional cases. Ross^ indicated this years ago and we believe that 
the basis of his argument is still valid. However, Anopheles density of 
itself is not the sole criterion, for as Williams^ and others have pointed 
out, the living habits of the people in a region will modify the Anoph- 
eles density per capita which is necessary to maintain an endemic 
malaria. For example, in a region where all houses are well screened 
it is almost certain that a much greater number of vector Anopheles 
per capita will be necessary to maintain an endemic malaria than in a 
region of unscreened homes. In general, the same principle -will apply 
to other mosquito-transmitted diseases. Depending upon living condi- 
tions and climate, there will be in any region some limiting number of 
vectors per capita below which yellow fever or dengue cannot become 
epidemic and filariasis cannot maintain itself endemically. 

While there may be room for considerable speculation as to the ap- 
proximate number of vectors per capita necessary to maintain an 
endemic mosquito-transmitted disease, there can be little doubt that 
it must be an appreciable number. For malaria, Ross suggested — on 
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a calculation of the probability of one mosquito biting an infective 
malaria case, living two weeks or more thereafter, and then biting a 
susceptible person— that at least iortj Anopheles females per capita 
would be necessary^ to maintain an endemic malaria. Others who have 
studied the problem, while not giving specific indices, are agreed that 
many per capita are required. 

Ross’s idea of a vector-human numerical relationship below which 
endemic malaria cannot be maintained has had partial confirmation 
recently in the studies of Russell and Rao® on the prevalence of ma- 
laria and Anopheles cnlicifacies in adjacent areas in the Tanjore 
district, Madras, India. Since the introduction of a new irrigation 
system in 193S, malaria has been endemic in the newly irrigated area, 
the spleen index rising to an average of about 40 per cent, with rates 
of 80 per cent in some villages. 

The old Tanjore delta near by has been irrigated for centuries, and 
Anopheles cnlicifacies is present, yet surveys in this area yielded no 
positive blood smears and the spleen rate was normal, indicating lit- 
tle or no malaria, as contrasted with the adjacent newdy irrigated 
area. By making standardized per-man-hour collections of Anopheles 
cnlicifacies in dwellings in both areas, it was found that the density of 
the vector was three to four times greater in the newly irrigated area, 
which is highly malarious, than in the old irrigated delta, where ma- 
laria is practically absent. 

As other conditions are substantially the same in the two areas, it 
appears to be very probable that the density of the vector, in relation 
to the number of humans, is the critical factor in maintaining an en- 
demic malaria. Above that critical density malaria will become and 
remain endemic, and with a high density may become epidemic ; below 
that critical density malaria will cease to be endemic and will ulti- 
mately die out, except possibly for sporadic cases. 

What that critical density, or ratio of vectors to humans, is will 
probably not be a constant numerical ratio, but will vary according 
to climate, bousing, nutrition, medical care, and other factors charac- 
teristic of the region and its people. 

It appears to be obvious that this general reasoning applies equally 
well to other mosquito-transmitted diseases such as yellow fever, 
dengue, and filariasis. It is only necessary that the number of vectors 
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be greatly reduced over a reasonably long period of timej even though 
the vector species is not extirpated, to cause such diseases to disappear 
in the controlled area. 

Furthermore, it explains why a “continuity of modest effort” may 
succeed in the control of an insect-transmitted disease, when one or 
two seasons of intensive work, followed by neglect, may fail to accom- 
plish permanent results. 

After the vector species has been reduced below that mosquito-per- 
person ratio at which a mosquito-transmitted disease can be effec- 
tively maintained, there still remains the question of comfort and how 
much shall be paid to attain it. That can be solved only for each par- 
ticular area by a study of local conditions. The price that will be 
paid for disease prevention is one thing ; what will be paid for com- 
fort is another. Too frequently, we believe, the standards of comfort 
are not high. 

Among native peoples in the tropics, the discomfort caused by 
mosquitoes and other insect pests is accepted as a matter of too little 
consequence to warrant the effort required to eliminate pest mos- 
quitoes. On the other hand, a community in the process of real estate 
development will willingly pay a considerable sum for relief from 
pest mosquitoes for the reason that mosquito prevalence plays havoc 
with sales of real estate. 

Adapting abatement measures to mosquito species and breed- 
ing habits 

The abatement method must be suited to the species of mosquitoes 
involved. Drainage is not applicable, as a rule, to the control of 
Cule{€ pipiens or Aedes House-to-house inspections for lo- 

cal breeding places are of no use in combating Aedes sollicMans or 
Aedes sqmmiger. These statements are obvious to a trained ento- 
mologist, but are not evident to persons without at least an elemen- 
tary entomological training. 

It may even be necessary to distinguish between sub-species of 
mosquitoes and, when funds are limited, to adjust the abatement 
measures to a selective control of the sub-species which is a disease 
vector and relatively to neglect control of the sub-species which does 
not transmit disease effectively. This situation occurs in many areas 
where Anopheles maculipennis is the vector of malaria. 
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Hackett, Martini, and Missiroli,^ and Hackett®' ® liaye sliGvm that 
in Europe there are several sub-species or varieties of Anopheles 
maculipennis that are practically distinguishable only by character- 
istics seen in the eggs. It is possible that we are presented here with 
the beginning of an evolutionary differentiation in species which has 
so far progressed in anatomical features only in the egg stage but 
which in time may progress further to distinct anatomical differences 
in the larvae and adults. The differentiation has also progressed 
physiologically in the adults to the point where some of the sub-species 
have apparently acquired habits or food preferences which interfere 
with their ability to act as vectors of malaria. Possibly this may be 
due to the development of zoophilism (that is, the preference for 
animal blood leather than human blood). The whole subject has tre- 
mendously interesting speculative possibilities and writings on the 
subject may be read with profit. From a practical standpoint differ- 
entiation serves to explain the relative absence of malaria in some 
regions of comparative abundance of Anopheles maculipennis, the 
unusual seasonal distribution of malaria in other regions, and the 
comparatively liigh incidence of malaria in some regions where 
Anopheles maculipennis is not abundant. 

From the standpoint of control of mosquito breeding per se, the 
racial variation of Anopheles maculipennis is usually of slight sig- 
nificance to the man in charge of abatement procedures. He seldom 
has time to collect larvae, hatch them out, allow them to breed, and 
then examine the eggs. These necessary preliminaries should be car- 
ried out by a special technical staff to determine if possible the areas 
producing vector and non-vector varieties. The greatest efforts 
would then be concentrated in the areas producing vector varieties. 
However as mosquito abatement measures should consider comfort 
as well as disease prevention, the abatement of non- vector varieties 
should be carried on concurrently unless restricted funds prevent. 

This subject is a phase of species sanitation, which is discussed 
more fully in CHAPTER xvn. 

Particular attention must be paid to the breeding seasons of the 
mosquitoes prevalent in the region. Lack of timeliness in the appli- 
cation of abatement measures is frequently the cause of failure to 
achieve successful mosquito abatement. Several instances have oc- 
curred where considerable expense for mosquito abatement has been 



124 MOSQUITO CONTROL^^ ^ ^ ^ ^ ^ ^ 

incurred after a single-brooded species emerged, resulting in a com- 
plete waste of money and no abatement whatever. 

A common remark made to mosquito abatement officials by well- 
meaning but uninformed citizens along about July of each year is “I 
suppose you are getting very busy now killing mosquitoes.” Actu- 
ally, if the men had not been busy during the winter months and in- 
tensively busy during the spring months, the mosquitoes would be so 
far ahead of them that they could never catch up with the pests until 
the next winter. For example, in mid-coastal California §qua~ 

miger larvae begin to appear in rain water on the salt marshes during 
January. From then until about the end of February every effort is 
made to drain away as much of the larvae-containing water as pos- 
sible and to supplement by pumping in cases where the grades are 
very flat. The first ten days in March are devoted to oiling to kill any 
larvae remaining. As the annual brood of Aedes squamiger emerges 
usually about March tenth, it is obvious that control of this species in 
the San Francisco Bay region would be entirely ineff*ective unless 
begun in January and completed prior to March tenth. 

Other examples of single-brooded mosquitoes are Aedes chiereiLS, 
A. stimulans, A. cojcrucians, A, communis, and J. flwvescens. Usually 
these species are inhabitants of areas having short breeding seasons 
because of latitude (for example, Alaska and northern Canada), or 
because of high altitude (for example, though 

some species (for example, are apparently single 

brooded even under temperate conditions. 77.5 may have 

only a single brood in the spring in the central valleys of California 
on account of the absence of summer rainfall, but in New York 
State it usually has two broods^; spring and autumn. In New Jersey 
and in Illinois, if the rainfall occurs at the proper tim^^ this species 
apparently may produce more than two broods per season. 

Some species in certain localities Will breed throughout the year. 
CuleoB pipiens, for example, may breed through the winter in pro- 
tected places such as underground street vaults of the telephone com- 
panies, in all regions where continuous subfreezing weather does not 
occur. In western United States wherever severe freezing does not 
occur, Culeoo tarsalis may breed throughout the winter. In California 
it breeds throughout the year, favoring especially the foul water in 
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dairy drains. Under most subtropical and tropical conditions mos- 
quito breeding is continuous or practically continuous. 

Practical CONSIDERATIONS concerning equipment and labor 
In the application of abatement methods, the practical question 
arises whether particular items of equipment should be purchased or 
rented. The answer depends largely on local conditions. In general, 
transportation equipment such as light trucks for general duty and 
a minimum of excavating tools, hand sprayers, and the like may be 
purchased at the start and added to as required. Tank trucks, power 
sprayers, and excavators had best be rented in most cases, or the 
work they are to do performed by contract. In any case, the following 
cautions should be emphasized : 

1 . When in doubt, don’t buy equipment — rent it. 

2. More errors are made in buying expensive equipment, for which 
there is not enough use to justify its purchase, than almost any other 
error in judgment in this or similar work. 

3. Even if it proves an error to rent rather than purchase equipment, 
an initial error in this regard is easily corrected without great loss. 

4. Even if it appears at the start of work that some equipment pur- 
chases may be justified, conditions may change and little use be had later 
for such equipment — be conservative and cautious. 

In CHAPTER XII, page S54, a specific instance is presented to indicate a 
method of determining whether equipment should be purchased. 

Another important practical question is whether particular abate- 
ment operations should be performed wdth laborers employed by the 
abatement agency, or performed by contract. In general it will usu- 
ally work out best to carry through the larger jobs by contract, par- 
ticularly those which require heavy equipment such as floating 
dredges or caterpillar-mounted drag-lines or clamshell excavators; 
and to do the smaller jobs, particularly those which can be done by 
hand, with labor employed by the mosquito abatement agency. 

On some large jobs it may prove economical and satisfactory to 
hire the heavy equipment from an agency which rents drag-lines, 
power shovels, tractors, and the like, and to operate them with abate- 
ment agency employees. But as a rule a contractor is better equipped 
to handle large jobs than is the mo%uito abatement agency. The 
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contractor has the organization and personnel experienced in that 
class of work and can usually do the job cheaper than, and as well 
as, the district could and still earn a profit for himself. 

Some fairly large jobs can be done by hand labor, but the cost is 
always prohibitive as compared with machine work ; and excavating 
machinery can do the work much more rapidly than hand labor. A 
considerable amount of mosquito abatement drainage was done dur- 
ing the winter of 193S-S‘-l! in the United States by the Civil Works 
Administration relief employment program,^ and was continued in 
succeeding 3 ’'ears under federal work-relief agencies. These projects 
were usually hand labor jobs, sometimes supplemented b}’- machines, 
but most of them could have been done much more cheapl}^ and quickly 
by machinery under contract. 

Some types of work can only be accomplished by floating dredges. 
Such jobs can best be done b}' contract either at a flat price or at a 
price per cubic yard of excavation or of embankment. Floating equip- 
ment can also be contracted for on a daily or hourly basis, in which 
case it is not necessary to measure the quantity of excavation or em- 
bankment. Contracts of this type are best made on the basis of a fixed 
sum per hour of actual working time plus a flat sum for moving the 
equipment to and from the job and with a penalty clause for exceed- 
ing the time set for completion. In some jurisdictions a penalty for 
excess time may not be imposed without offering a corresponding 
bonus for completion prior to a certain date. 

The foregoing statements are valid during normal times when ade- 
quate labor is available at reasonable rates. The effects of the present 
war may^ invalidate them, at least in part, and make it advisable to 
use increased quantities of mechanized equipment, regardless of ap- 
parent economics, if the work is to be done at all under labor short- 
ages or excessively high wage rates. 

Wild-life conservation and mosuitito abatement 

There is no necessary conflict between mosquito abatement and 
wild-life conservation, and the trained biologists of governmental con- 
servation agencies have had no difficulty in obtaining mutually satis- 
factory programs with those mosquito abatement agencies which are 
directed by men with adequate biological training, especially those 
with a thorough understanding of ecology. 
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It must be recognized that both the mosquito abatement movement 
and the conservation movement have been afflicted with personsj no 
doubt sincere, who have had too scant a knowledge of their respective 
fields. Some mosquito abatement work through gross ignorance has 
distinctly and unnecessarily damaged large areas which were of value 
in the preservation of marsh and migratory birds or of animals such 
as muskrats. Ear greater damage has been done by unnecessary and 
even foolish agricultural schemes, by the expansion of industry and 
of municipalities, and by the ruin of littoral marshes through mas- 
sive pollution by sewage and industrial wastes. 

On the other hand, skilled mosquito abatement wmrk which utilizes 
to the maximum natural or biological control procedures not only 
does not damage areas available to water fowl, but in some cases has 
actually increased the availability of such areas. J. Lyell Clarke® in 
Illinois has been successful in this work and many others could be 
commended, for example, S. L. Crosthwait in Maryland, M. H. Price 
in Rhode Island, and F. W. Rush in California. 

The method of controlled reflooding, explained in chapter ix, 
should be given far greater practical application by mosquito abate- 
ment agencies and greater advocacy and support by conservation 
agencies. Impounding of water on marshes at a constant level, with 
water circulation and fish control, is also a method acceptable to con- 
servationists, as is the method of open marsh ditching® recommended 
in CHAPTER rx. 

In planning and conducting mosquito abatement work under con- 
ditions which may affect migratory birds or aquatic animals, the 
mosquito abatement agencies should consult with the technical per- 
sonnel of the United States Bureau of Biological Survey and the 
state fish and game commission, or similar bodies in other countries. 
There need be no difficulty in arranging mutually satisfactory pro- 
grams by means of conf erences between the technical personnel of the 
conservation and abatement groups. 

All types of mosquito abatement projects do not concern the con- 
servationists. Some have to do only with mosquito breeding in urban 
areas in which wild-life conservation is not at all involved, and others 
with agricultural areas in which wild-life conservation is only slightly 
involved or in which the effects of mosquito abatement are minor as 
compared with the effects of agricultural reclamations But there are 
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mosquito abatement projects, especially marsh projects in the vicinity 
of large centers of population, where unnecessary damage to wild 
life can be caused by bungling and unshilled mosquito abatement 
methods ; or marsh areas remote from human habitations where mos- 
quito abatement may be entirely unnecessary and indefensible on 
economic as well as conservation grounds. In such cases the conserva- 
tionists have a legitimate interest and certainly in the latter cases a 
paramount interest. 

Mosquito abatement agencies which are conducting their work on 
a sound technical basis with due regard to conservation requirements 
have a right to protection from unwarranted attacks b}’' some ele- 
ments in the conservation movement. Conferences and cooperation 
with scientific conservation personnel will be of real assistance, but 
at times direct publicity may be necessary to combat malicious or 
distorted attacks. It is advisable to try to forestall criticism by let- 
ting it be known that wild-life conservation is being given adequate 
attention, but this should preferably be done as an incidental matter 
in connection with news reports of work accomplished or planned. It 
is usually inadvisable to press the matter as a main issue unless the 
abatement agency is under attack ; to do so might start an argument 
developing more heat than light. 

Summary of general principles 
The general principles in the selection and application of abate- 
ment methods may be summarized as follows : 

X. Adopt those measures or combination of measures which, with due 
regard to economy of operation, will be effective in eliminating mos- 
quito production as completely as possible; place emphasis on primary 
methods of abatement such as drainage, in preference to secondary 
methods such as oiling; 

2. Adapt the abatement measures to the species of mosquitoes and to 
their particular breeding habits in the region ^ ^ 

3. Adopt naturalistic and biological methods of control to the great- 
est extent possible ; 

4. Concentrate the principal abatement efforts on the vector species 
of mosquitoes, if mosquito-transmitted disease prevails in the region; 

5. But even when primary attention is given to disease prevention, 
do not neglect the elimination of pest mosquitoes, unless local conditions 
clearly indicate otherwise ; 
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6. Confer with the technical personnel of conservation agencies and 
secure their cooperation in planning methods of control which will con- 
serve wild life to the greatest extent compatible with effective mosquito 
abatement; 

7. Start larvicidal work early in the spring, with the first appearance 
of larvae ; try to be ahead of the mosquitoes ; 

8. At the end of the breeding season, intensify efforts in order to re- 
duce the last brood to a minimum and to leave the smallest possible num- 
ber of over-wintering adults or eggs to start next year’s brood ; 

9. Use the winter months for maintenance work on drainage systems, 
for construction of new drains and other permanent stimctures, for over- 
hauling equipment and getting it in shape for next season’s campaign, 
and for planning the following year’s work ; 

10. Exercise restraint in the purchase of expensive equipment; 

1 1 . Usually do large construction j obs by contract ; 

12 . Develop an effective staff organization which will know its spe- 
cies of mosquitoes, its territory, and its people ; keep key men continu- 
ously employed throughout the year and secure in their jobs, if neces- 
sary assigning foremen and inspectors to laborers’ duties during the 
winter. 
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WATER MARSHES 

Any open water which is not subject to active movement (circula- 
tion or surface agitation) or which on receding leaves residual pools 
may provide breeding places for mosquitoes. The elimination of wide- 
spread mosquito breeding water by drainage is in most cases the most 
effective anti-mosquito measure since it robs the mosquito of its 
breeding place and thus affords the best possibility of complete and 
relatively permanent abatement. 

AppKcations of oils and larvicides are essentially substitute or 
auxiliary measures of temporary or seasonal value to be employed 
when drainage is not practical or not completely effected. The possi- 
bilities of drainage should therefore be thoroughly explored in each 
instance and constantly kept in mind in conducting an abatement 
service. 

Fresh-water breeding areas (excluding from present consideration 
water in artificial containers) present drainage problems essentially 
distinct from those of salt marshes which are discussed in the follow- 
ing chapter. Various types of fresh-water areas, such as those in del- 
tas, lake regions, irrigation districts, valleys, and mountains, also 
show fairly distinctive problems. The principal factors of differentia- 
tion which affect the type and cost of abatement measures are: 1) 
extent of the water area; S) slope or grade available for removal of 
surface water, ranging from no grade or negative grade in delta re- 
gions to steep declivities in mountain regions; 8) soil conditions 
varying from fine silts to hard rock; and 4) meteorological condi- 
tions, such as climate, rainfall, and temperature. The problems of 
drainage thus vary to a great extent with geographic regions and 
geological structures. 

River bottom, delta, and overflow lands 

River bottom, delta, and overflow lands may be grouped under two 
heads: 
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1. Lands which lie above the normal water level but below the flood 

level; 

2. Lands which are practically at the normal water level. 

The first type requires the construction of drain ditches properly lo- 
cated and of sufficient size to cause a rapid and complete run-off of 
flood waters. Usually natural drainage channels will be available, 
which require only clearing and grading or possibly straightening 
and enlargement and which will provide economical main drainage 
lines. Into these natural drainage courses the required drain ditches 
will then be directed. 

Two difficulties, however, may be encountered: 1) flood waters 
containing considerable quantities of silt may fill in the drainage 
channels ; 2) large floods may by scouring action destroy some or all 
of the drains. In either case the maintenance costs for drain ditches 
would be excessive, and it would probably be an economy to construct 
dykes or levees which will either prevent scouring by flood water or 
will act as holding basins duidng and after floods so as to cause silt 
deposition and the ultimate building up of the ground level to the 
elevation of the flood plane. 

Some rivers, such as the Mississippi and the Sacramento, actually 
travel in a section of the valley floor which has been elevated above 
the general valley level by deposition of silt during floods. As a re- 
sult there are troughs roughly paralleling the main stream on one or 
both sides of the river and at varying distances from it. The land 
slopes laterally from the river down to these troughs (called sloughs 
or bayous) . Their drainage may be an engineering task of consider- 
able magnitude. Mosquito control in such regions generally must de- 
pend on fish, proper attention being given to the opening up of small 
breeding areas to which the fish can have free access. Extensive plant- 
ing of Gambusia affinis should be tried, but the practical limitations 
of these fish as stated in chapter xiii should be borne in mind ; oil or 
larvicide may also be required on an extensive scale. Probably access 
to such regions will be best obtained by small motor launches of light 
draft. 

The most economical and effective remedy can only be applied 
after the flood characteristics of the river and the silt content of its 
flood waters have been ascertained. It may be advisable to use oiling 
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methods for a few j^ears until the area has been under observation 
long enough to determine the best and most economical permanent 
abatement procedure. 

On deltas and bottom lands which are practically at the normal 
low-water level and which are not subject to tidal influences, perma- 
nent abatement can usually be effected only by reclamation of the 
territory by dykes and pumping. This involves considerable expense. 
Frequently the capital outlay and the pumping costs cannot be jus- 
tified for mosquito abatement alone. The financial justification of 
such projects then must lie in the agricultural value of the reclaimed 
land. As river bottoms are generally exceptionally fertile, the in- 
crease in value of the reclaimed land will almost invariably far offset 
the cost of reclamation. 

As a rule the cost of reclamation should be borne by the owners of 
the property who are benefited ; but it would appear to be reasonable 
for a public mosquito abatement agency to contribute a part of the 
cost. The amount contributed will vary with circumstances, but 
should not exceed the difference in annual expense of mosquito abate- 
ment measures on the property before and after reclamation capital- 
ized at the normal rate of interest. 

Reclaimed bottom lands require a system of drainage ditches lead- 
ing to the pumping station. Usually a main drain is constructed 
around the property, interior to the protecting dykes. This drain 
may be simply the borrow pit from which the material was obtained 
for building the dyke. Such a pit must be made continuous through- 
out and excavated with a uniform bottom grade sloping to the pumps. 
Variations in yardage requirements for the dyke should be obtained 
by varying the width but not the depth of the borrow pit. This drain 
or pit should intercept and conduct to the pumps any seepage water 
from the adjacent wet lands. Other main drains running through the 
property are also required, primarily for agricultural drainage. Into 
such a system of main drains a series of smaller laterals should be con- 
structed as required for the prevention of the accumulation of any 
mosquito breeding water. 

Such reclamation projects, especially if of any magnitude, should 
be carried out under skilled engineering supervision and should be 
investigated carefully before being undertaken. One of the impor- 
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tant points to be considered is the amount of soil shrinkage which 
will result. In peat and muck soils the shrinkage may be ten or more 
feet over a period of several years,^ and this drop in surface eleva- 
tion must be allowed for in the design of the dykes, the depth of the 
drains, and the selection of the type of pumping equipment. 

Reclamation work of this type is usually performed with floating 
excavating machinery using either drag-line or clamshell buckets. 
Land operated machinery usually cannot be used owing to soft and 
unstable ground. The engineering details are discussed in various 
texts, to which reference should be made if such a project is under 
considei'ation.^ 

Delta lands which are subject to tidal fluctuations of several feet 
can sometimes be reclaimed with dykes and automatic drainage gates 
provided there is no danger of subsidence or shrinkage of the soil 
after drainage. This type of drainage is discussed in greater detail 
in the next chapter, pages 1'74--185. 

Drain channels in river bottom land should be constructed with 
careful consideration of the nature of the soil, so as to keep the cost 
of maintenance at a minimum. Loose and sandy soils will require 
flatter side slopes than clay soils to prevent stoppages due to bank 
caving. The bottom grades of the ditches must also he kept within 
such limits as to prevent cutting by too high velocities of drain water 
in the ditches. Usually this is not a problem in flat regions. 

The cross-sectional dimensions of the drains should bear a proper 
relation to the area drained so as to avoid channel velocities so high 
as to cause scour. Gambmia aflms should be planted freely in the 
main drains. Pump suctions should be screened to prevent the fish 
from being pumped out. 

Lakes AND LAKE EEGIONS 

Lakes in themselves are not necessarily mosquito breeders for the 
reason that there is sufficient surface wavelet movement to discour- 
age ovipositing and to prevent successful emergence of the adult 
mosquito from the pupal stage. Furthermore lakes usually have 
sufficient fish life to keep the water free from mosquito larvae. Many 
lakes, however, have marginal shallow areas and swampy ground, 
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particularly at the upper or inlet end, which may be prolific breeders. 
Smaller lakes also may be subject to variations in elevation of the 
water surface of several feet, in which case as the water level recedes 
marginal pools may be left which are ideally adapted to mosquito 
breeding. Such cases usually can be effectively and cheaply drained 
by small ditches arranged according to topography in such a wa}^ as 
to prevent the occurrence of isolated pools or of swampy areas. In 
some cases filling in of low areas will prove the best method. 

In lake regions of former glacial activity the cost of drainage may 
be relatively great owing to the presence of boulders and coarse 
gravels. Special excavation methods, including the use of dynamite 
for blasting boulders, may be required. 

Very shallow margins of lakes or reservoirs, especially if of any 
considerable width, may produce growths of vegetation or algae 
which may permit mosquito breeding. If these margins cannot be 
either filled in or deepened sufficiently, oiling will probably have to 
be depended upon. Usually the effectiveness of the oil can be in- 
creased by giving these shallow margins a treatment of copper sul- 
phate to kill off the algae growths. 

Valley floors and plains 

Although the general impression of extensive valleys and plains is 
that of flatness, a detailed examination shows that an appreciable 
slope of the land surface exists. Natural streams and drainage ways 
are to be found throughout and the ground surface slopes laterally 
toward these drain ways. In addition there is a general slope of the 
entire area, such as the easterly down-grade of the Kansas-Nebraska 
plains and the southerly down-grade of the Sacramento Valley. 

Mosquito breeding swamps occur naturally on such plains or val- 
leys due to local flattening of the grades, in the vicinity of natural 
springs, and at or near the point where streams from adjacent hills 
debouch upon the valley. 

Where there is a local flattening of grade, the drainage problem 
is simple in conception although in some cases considerable excava- 
tion may be required, A main drain will have to be constructed 
through the flat section with adequate grade to carry off the surface 
water ; laterals should also be constructed according to the require- 
ment of topography and soil condition (see Figure 15) . 
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If the swamp is the result of a seepage (see Figure 14) , a central 
main drain with laterals is not usually effective. In this case a system 
of deep circumferential cut-off drains is required to intercept the 
seepage water and conduct it around the wet area. The drains must 
be deep enough to catch the seepage water and the grade steep 
enough to carry it off rapidly and so to prevent seepage through the 
down-hill side of the drain. In some eases considerable ingenuity will 
have to be exercised to get thorough drainage. The important thing 
is to locate the outcrop of comparatively impervious material under- 
lying the water-bearing stratum (see Figure 16) and to construct the 
drain across the face of it so as to intercept the seepage.® 

Where streams debouch from hills on to a relatively flat plain or 
valley there is sometimes a tendency for the water, particularly from 
heavy rains or the spring run-off, to spread out over considerable 
area and to leave temporary pools which may breed mosquitoes. Usu- 
ally these temporary pools can be more economically controlled by 
oiling than by ditching. In some cases, however, the spreading or 
overflow may be sufiiciently frequent to cause marshy areas, in which 
case ditching will be most satisfactory. The drains should lead back 
into the stream at a lower level and will usually require considerable 

The Kern River at Bakersfield, California, is an example of a 
type of stream which makes mosquito abatement extremely difficult. 
This river debouches on to the flat valley floor after maintaining a 
rapid flow through high mountains and the foothills, and. floods se- 
verely in years of above-normal precipitation. A flood-way is pro- 
vided by means of lateral protective dykes, but maintenance of 
drains in the flood-way is practically impossible and as a result, 
when the spring floods recede. Vast numbers of Aedes veocans breed 
in pot-holes and lagoons. A dense growth of brush also helps to make 
any form of controrwork very difiicult. 

. Ro.LLING and hilly UPLANDS' 

These regions have adequate grade for the carrying off of surface 
waters and in general mosquito breeding areas are likely to be found 
only where there is some artificial obstruction to drainage. 

Railroad or highway embankments with improperly placed cul- 
verts are typical obstructions; After long and sad experience the 
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writers are convinced that it is only by accident that either a rail- 
road engineer or a liighway engineer ever places a culvert properly. 
Usually it is set too high so that a pool or swampy area forms on the 
upper side of the embankment ; occasionally it is set too low so tliat 
water remains in the culvert itself. Highway engineers have a slightly 
better batting average in this respect than the locating engineers for 
railroads, but there are plenty of illustrations of improperly placed 
highway culverts. 

Dr. Carter of the United States Public Health Service is reported 
to have said that for every dollar of road construction performed in 
the southern United States twenty-five to fifty cents of impairment 
of the public health had been caused. 

The bottom of the culvert should conform closely to the general 
ground surface gradient at the low point. To determine this, a pro- 
file should be taken along the bottom of the drainage way or depres- 
sion for at least fifty feet, preferably one hundred feet, beyond the 
toes of the future embankment and the culvert elevation and grade 
properly fitted to this profile (see Figures 17 and 18) . 

Where existing culverts are improperly placed, ofScials of the 
railroad or the highway department should be interviewed, the situa- 
tion explained to them, and a request made that the culvert be re- 
placed at the proper point and to the proper elevation and grade. If 
the request is made in the interest of the public, the railroads will al- 
most invariably, in our experience, make the necessary changes and 
do so in a very commendable spirit of cooperation. The highway de- 
partments, on the other hand, are somewhat different. If the head of 
the mosquito abatement work has established friendly relations with 
the heads of the highway or road department, they will usually be 
willing to make the change, but they are frequently handicapped 
either by lack of specific funds for the purpose or by lack of specific 
authority or by various forms of governmental red tape. If frieiidW 
relations have not been established, it is very often the case that such 
requests will be received with less than no enthusiasm. In either case 
considerable maneuvering and pulling of political strings may be re- 
quired to get results. 

High MOUNTAIN DISTRICTS' 

Most persons who have visited the high mountains^^^^^^h^^^ summer. 
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especially the Sierra Nevadas and the Cascades in North America, 
will remember the vicious and persistent attacks of swarms of mos- 
quitoes. These are various species of Aedes hatched in melting snow 
water from over-wintering eggs. The numbers under some conditions 
are astonishing. 

Over large parts of these mountainous areas mosquito abatement 
will prove so difficult and expensive as to be entirely impracticable. 
In other regions substantial relief may be obtained at reasonable ex- 
pense, but complete freedom appears to be impossible. Almost always 
a summer camp in high mountain areas can be given reasonably good 
protection by intensive and timely control measures applied to an 
area within roughly a half mile radius of the camp. 

Control of the mountain species of Aedes depends largely on oil- 
ing and larviciding. An oil of high spreading coefficient and of higli 
toxicity is necessary because of the low water temperature. How^ever, 
it will be found that a number of breeding areas can be either elimi- 
nated or greatly reduced in extent by drainage. This is usually the 
case on the mountain meadows where the rock is overlaid with some 
depth of soil. But where the bed rock is at or very close to the surface, 
so that drilling and blasting are required to put in a ditch, it is prob- 
able that the capitalized cost of oiling will be considerably less than 
the cost of ditching. 

S. B. Freeborn and others have found by practical experience 
that the use of oil at the proper time is a definite deterrent to the 
deposition of eggs by mountain Aedes mosquitoes. When all water 
available for mosquito breeding purposes in a particular mountain 
area is sprayed with a suitable oil, whether mosquito larvae are then 
present or not, little or no mosquito breeding will be found in such 
pools the following year. On the other hand, if only the pools in 
which breeding occurs are oiled, then in the next year breeding will 
occur in the unoiled pools but not to any great extent in the pools 
oiled in the preceding year. Of course it is assumed that the oiling is 
thoroughly done, the littoral wet ground being sprayed as well as 
the water surface. If there are two or more species involved whose 
breeding periods do not overlap, it is assumed that oil will again be 
applied to destroy and deter the later breeding species. 

This procedure may not be effective for all species of boreal Aedes, 
but it does suggest that the protection of resort areas in high moun- 
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tains can be obtained economically by a complete oi]mg oi all avail- 
able pools every other year, with a small amount of oihng in the 
intermediate years to mop up the escapes, oversights, and errors. 

Drainage for control of Aedes species in high mountain areas 
should therefore be used only when it is more economical than oiling 
methods. This will often be the case with springy or swamp areas in 
mountain meadows; however, the vast number of pools on rocky 
ground must be handled by other methods if at all. 

In some cases the raising of the water level of a lake by means of a 
dam and control structures will flood out mosquito breeding marshes, 
eliminate or greatly reduce the amount of Aedes breeding, and be a 
substantial aid to fish and aquatic bird propagation.^ 

Some mountain valleys are made by deposits of gravelly and 
sandy detritus formed behind the terminal morains of receded gla- 
ciers. Yosemite Valley in California is typical of such valleys. They 
are subject to flood overflows from their rivers during the spring 
melt of snow. The valley soils are usually quite porous, and as the 
river recedes the ground water drops rapidly and the pools drain 
away quickly, but usually not quickfy enough to prevent the success- 
ful development and hatching of large broods of certain xAedes mos- 
quitoes. This type of valley is usually long and narrow, and the 
overflow pools are easily drained by comparatively short laterals di- 
rect to the river. There is usually not an excessive amount of silt in 
the flood water so that the maintenance of such ditches is moderate 
in cost. 

InniGATION DISTRICTS 

It is a strange commentary on human intelligence that most irri- 
gation districts have been organized, financed, and constructed with- 
out any consideration of the problem of removing the inevitable 
seepage and surplus irrigation water. As a result, they have been 
handicapped from the start by w'ater-logged land with or without 
alkali, a marked increase in malaria, a mosquito pest, or any combi- 
nation of these conditions. Practically all such districts have had 
ultimately to install a drainage system, usually for agricultural rea- 
sons but in Several cases for reasons of health. The Los MoHnos irri- 
gation district, in Galifornia, performed the first anti-malaria mos- 
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quito work recorded on any irrigation district in the United States, 
in 191 S.”* In some districts, for example the Mesilla Valley (Elephant 
Butte) project in New Mexico, after agricultural drainage had been 
installed, supplemental mosquito control measures Had to be taken. 

There is a distinct difference between agricultural drainage and 
mosquito abatement drainage as applied to irrigation districts. Since 
agricultural drainage is concerned merely with the problem of lower- 
ing the ground water level to a point wdiere crops can be raised suc- 
cessfully, it usually consists of large, deep main drains with compara- 
tively few laterals. Frequently considerable quantities of mosquito 
breeding water remain, often in the drains themselves. Mosquito 
abatement drainage requires small auxiliary ditches to eliminate all 
pools, and uniform grades and smooth bottoms for the drains to keep 
them free from mosquito breeding. 

On irrigated areas, in addition to the usual type of open drain or 
in lieu thereof, pumped wells located at strategic points may be used 
for drainage. These are especially useful where it is difficult to get 
adequate grade to carry off the water. Frequently such pumped 
drainage water is turned into the irrigation canals to augment the 
supply. 

Where a hardpan lies close to the surface in a depression, seepage 
water may collect and cause breeding. If the hardpan is underlaid 
by a porous stratum, it is sometimes possible to drain such an area 
by drilling or digging a vertical drain through the hardpan to the 
porous substratum and filling the hole with gravel, crushed rock, or 
other porous material. In some cases a well, lined with open joint 
rubble, may be advisable. 

The cost and difficulty of drainage on irrigation projects can be 
materially reduced if the excessive use of water is curtailed and seep- 
age from the irrigation ditches is reduced to a minimum. In some dis- 
tricts the water is either too valuable or so limited in quantity that 
seepage and evaporation losses must be minimized. In these districts 
the principal ditches are lined wdth concrete and frequently the dis- 
tribution is by pipes. 

In some districts the ditches leak very badly in the first few years, 
but eventually silt up and tighten so that seepage is not important. 
The method of seepage control to be employed depends upon local 



Figure 19 . Ponding behind a railroad embankment, caused by 
improperly placed culvert 


Figure 20. Upper end of a 
highway culvert placed too 
high for drainage. This re- 
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pools upstream from the 




Figure 21. A typical moun- 
tain meadow mosquito breed- 


iigure 22, beepage water 
from irrigation accumulating 
in a low area and causing 
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soil conditions, topograpliy, and relative cost. Eacli case mnst be 
handled according to the conditions, and under competent engineer- 
ing advice. ■, 

The prevention of excessive use of water is a matter partly of ade- 
quate regulation by the district and partly of education of the water 
user in the best methods of applying irrigation water. Frequently 
fields can be seen which are inadequately irrigated in the upper por- 
tions and are waterlogged at the lower end. The water at the lower 
end of the field may stand for a sufiicient length of time to produce 
mosquitoes. Oiling such water may damage crops, so that ditching to 
remove the surplus is necessary. Such ditches should be shallow, just 
deep enough to remove the surplus water on the surface without ab- 
stracting any subsurface water. 

RusselF' has discussed the effects of defective irrigation in produc- 
ing malaria. The following specific causes are a rearrangement of his 
tabulation : 

1 . Absence or inadequacy of drainage canals and ditches, with the resulting 
rise in ground water levels (waterlogging). 

2. Unlined or imperfectly lined irrigation canals and ditches, with resulting 
seepages. 

3. Undrained borrow pits, especially those with irregular bottoms, which fill 
from seepage. 

4. Inadequately maintained canals and ditches, both irrigation and drainage, 
with irregular cross-section, sides or bottom, growths of vegetation, and 
obstructions, resulting in shallows or sluggish currents. 

5 . Defective regulating devices (sluice gates, etc.) which permit water to flow 
when and where not wanted. 

6. Improper (careless) delivery of water, on to roadways, uncultivated fields, 
etc.:' 

7. Absence of planned or controlled distribution of irrigation water on fields, 
allowing excess water to run to low areas. 

8. Cutting off and leaving sections of canals, which become mosquito breeders. 

9. Excessive quantities of flow in irrigation canals. 

10. Irrigation drops without drain valves, causing ponding above retaining 
wall when canal is not in operation. ^ ^ ^ 

11. Improperly designed, constructed, or maintained lateral distribution de- 
vices and regulators, in which water remains ponded. 

12. Unprotected canals and ditches, allowing persons or animals to break down 
banks. 
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13 . Insufficient bridges over canals, resulting in unauthorized crossings by 
people, with resulting damage to banks. 

14 . Miscellaneous minor defects, carelessness, etc. 

Rice fields 

Rice field areas are prolific breeders of mosquitoes, and from the 
nature of the case the problem of mosquito control would appear at 
first glance to be practically unsolvable. Here we have large bodies 
of shallow warm water with dense vegetation; the water may not be 
drained and the use of oils or larvicides is not permissible if there is 
any danger of damage to the crop. 

A careful examination of the rice fields will show, how'ever, that 
the amount of mosquito breeding in the rice paddies proper may be 
relatively small and the great bulk of the breeding occurs in adja- 
cent low areas filled with seepage water.^ Many of these principal 
breeding areas can be eliminated by a careful levelling of the ground 
surface or by the construction of small drains. The remainder can be 
controlled by oiling or by applying Paris green. Where there is ap- 
preciable breeding in the paddies, it may occur principally along the 
edges of the dykes rather than in the main part of the crop. Such 
breeding can be reduced by keeping the edges of the paddies free from 
vegetation and by maintaining a circulation of water through them. 

The application of Paris green with moist sand diluent should be 
tried as a means of controlling larvae breeding within the paddies. It 
will not damage the crop^ or adversely ajffect the use of fish. Under 
extremely difficult control conditions these measures can be supple- 
mented by stocking the paddies with fish. In this case it will be neces- 
sary to have near by some extensive ponds suitable to breeding the 
fish in large quantities, so that they will be available each spring when 
needed. Wlien the fields are dried up for harvesting the crop, the fish 
will be lost unless special measures are taken to catch them and re- 
place them in permanent ponds for future use. 

It is possible that experimentation with new larvicides, such as 
phenothiazine and dichloro-diphenyl-trichloroethane, may result in 
more effective control of mosquito breeding in rice fields. 

In Portugal® intermittent flooding of rice fields has been made obli- 
gatory by law, as a means of malaria control. 

The control of mosquitoes in rice field areas may best be described 
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as difScult but not impossible. Careful levelling of the rice fields in 
addition to being good agricultural practice will be found to help 
greatly in mosquito control measures. The malaria-transmitting spe- 
cies can certainly be kept below the numbers necessary for effective 
transmission of the disease; the non-malarial species can be kept 
’ivithin such limits that they are not a serious discomfort. Eradication 
of either species may, however, under the usual conditions prove to 
be impossible or impracticable within reasonable cost limits. 

Freeborn,^® as a result of studies made in 1916—17 in the rice fields 
in the Sacramento Valley (California) , found that about one-half of 
the Anopheles mosquitoes bred in pools adjacent to the rice fields and 
that they bred in outside pools for two months or more before the 
paddies were flooded and for another month after the water was 
drained from the paddies. 

Geiger and Purdy^^ in 1919 expressed their experience as follows: 

1. Intermittent flooding as a control measure is probably not feasible, owing 
to the additional cost of water and to the usual impossibility of the transfer of 
larvae beyond flight distance. 

2. The preference shown by top-feeding minnows for the deeper, flowing 
water and their evident avoidance of the midfield make them a doubtful con- 
trol measure. Nevertheless, they have demonstrated under experimental con- 
ditions what has been observed under field conditions in Arkansas, Louisiana 
and California, that their presence means a considerable reduction in mosquito 
larvae. 

Roadside ditches containing top-feeding minnows usually show larvae very 
few or absent. The ditch, however, is not comparable to the rice field as an 
environment because of great differences in area, in abundance of obstructions 
for fish, and in amount of light. 

8. Gil of the various varieties used in these experiments by drip-can methods 
ipoved a failure. The results obtained when used with sawdust are such that 
mey offer future hopes for ultimate mosquito control in rice fields within rea- 
sonable flight distance of communities, and a corresponding reduction of inci- 
dence of malaria. 

Purdy, referring to experience in Arkansas in 1918, expressed 
the following conclusions: 

1. Both Culew and mosquitoes breed in about equal proportions, 

being moderately abundant both in rice fields and in outside puddles and 
ditches. 
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2. Mosquito breeding is about equally abundant in the interior of the rice 
iield and along the margins and levees. . . . 

4. Top-feeding minnows (Gttmbusia) placed in the rice fields at the rate 
of L400 per acre constitute a check but not a control, of mosquito produc- 
tion, probably because these minnows prefer the more open water along 
levees, and avoid the darker midfield. 

6. Oil-soaked sawdust sown broadcast in the rice when plants are well grown 
works no apparent injury to the crop and produces an oil film that kills practi- 
cally all larvae. 

Horsfall/^ studying the mosquitoes of the rice area in Arkansas, 
found that substantial control of Psorophora confinnis and Psoroph- 
ora discolor breeding in the paddies could be obtained by planting 
them to a crop such as soy beans during the non-rice season, plus a 
thorough disking and pulverizing of the surface soil prior to rice 
planting. Thorough cultivation of the ground surface buries the 
Psorophora eggs in the same manner as it does Aedes eggs on re- 
claimed salt marshes. 

He also found that a miscible oil (Dendrol) applied to the breed- 
ing water at the rate of four parts per million gave a one hundred 
per cent kill of Psorophora larvae, but apparently did not affect 
Anopheles larvae. It did not damage the rice crop. It is possible that 
any emulsified petroleum oil may act in a similar manner. 

Horsfall also found tliat acted as a substantial 

check on the hveQdlng oi AmpJieles quadrimaculatus in the rice fields, 
but did not completely stop production. 

Changes in the physical character of the water in the rice paddies 
may effect a beneficial change in the species of mosquitoes which will 
breed therein. For example, we have observed in California that in 
rice fields wdiere the soil is relatively porous and a considerable 
amount of water is required for rice cxilimQ, Anopheles macuUpennis 
freehorni, a dangerous vector of malaria, bred freely. On the other 
hand, in rice fields where the soil is dense clay, A. free- 

borni are either absent or relatively few in numbers, the prevalent 
mosquitoes being Culex tarsalis and Anopheles pseudopunctipennis. 
The latter species is not an effective vector of malaria in that region. 

In clay fields evaporation without appreciable seepage loss concen- 
trates the mineral content of the water until toward the end of the 
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Figure 24 . Drag-line exca- 
vator cutting a drain ditch 
into a large breeding pool 
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season it is quite stagnant, a condition which is unsuited to the dan- 
gerous Anopheles maculipennis freebornL 

If, therefore, the rice paddies in Anopheles Tegions were more care- 
fully prepared prior to planting, and clay, bentonite, or similar ma- 
terial were added to porous soil to reduce seepage losses, the breeding 
of dangerous malaria vectors would be minimized and the savings in 
water requirements would probably offset the cost of remedial work. 
In other areas this scheme might not operate successfully, but it 
should be possible to make some change (naturalistic control) in the 
ecological condition of the rice fields so as to eliminate or minimize 
the production of the local disease vectors, 

Robertson and Chang, in studying the relation of rice culture to 
malaria in the vicinity of Shanghai, found that green manuring and 
constant cultivation which muddied the water of the rice paddies, as 
practiced in the vicinity of Canton, tended to reduce the production 
of Anopheles hprcanns sinensis. They also found less production in 
paddies where the plants were transplanted from nursery beds than in 
paddies where the seed was sown broadcast. 

The relation of rice culture to malaria is quite variable, due largely 
to the breeding habits of local Anopheles vectors. In the Philippines 
and in Malaya, for example, malaria is practically absent in the rice 
areas, as the vectors in these regions (Anopheles minimus fiamrpstris 
and A . maculatus, respectively ) are stream breeders. In India and 
China malaria in rice field areas is caused pYincipally hy Anopheles 
minimus, which breeds in running streams and irrigation ditches, not 
in the rice paddies. 

MECHANICS OF DITCHING 

Equipment 

Excluding from consideration river bottom and delta lands, which 
can as a rule be drained only by floating dredges, there are various 
means for excavating drain ditches. In general they include the use 
of the following different types of equipment : 

Tractor-drawn plows and scrapers^ ^ ^ 
Horse-drawn plows and scrapers 
Hand tools . 


The power shovel 
The power crane 
Power trench excavators 
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The choice of means in a given instance depends upon the total 
quantity of excavation, the type of soil, and the cost of getting 
equipment on to the ground. When only a small amount of ditching 
is required, horse-drawn plows and scrapers, followed by hand trim- 
ming, will invariably be much cheaper than power excavation. Where 
large quantities of excavation are required, power equipment will be 
cheapest. 

As a general rule, the power crane with a drag-line bucket is the 
most adaptable to the excavation of drain ditches of considerable 
length. It can be used on a wide range of soil conditions. If the sur- 
face is dry and firm but the bottom of the ditch wet or sloppy, a 
crane with a clamshell bucket is preferable. Power shovels as a rule 
are not employed for drain-ditch excavation, but a modification in 
which the bucket is reversed on the stick and pulled toward the chas- 
sis is sometimes used. Rather elaborate trenching macbines are avail- 
able which will dig ditches with side slopes. Trenching machines 
which dig narrow trenches with vertical sides are often not adapted 
to the construction of mosquito control drains owing to difficulties in 
clearing the sticky mud out of the excavating buckets. 

Pbr depth bf a few feet tractors drawing plows and scrapers may 
be used ecohomically in many cases ; if the ground is soft and the 
drains reasonably shallow a scraper alone may be sufficient. Special 
scrapers have been built for mosquito districts which have been quite 
successful under these conditions, especially for small ditches. 

Where power machinery is not economical, horse-drawn plows and 
scrapers may be used, if the bottom is not very soft and wet. Short 
ditches of small dimensions can usually be dug best by hand by 
means of pick and shoveh Under some conditions long-handled spades 
may be satisfactory but the square-point long-handled shovel is the 
best all-round tool for ditching. Mattocks may be found useful in 
some soils. 

Dense vegetation often has to he cut down and cleared before ditch- 
ing can be performed with any speed or economy. Heavy grass or 
weeds may be cut with scythe, sickle, or machete. In open fields a horse- 
drawn hay mower, if available near by, may be economical. For brush, 
either axes, brush hooks, or machete may be used. The machete, how- 
ever, is a dangerous tool in the hands of a man not accustomed to it. 
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Dense grass and some forms of brush may also be killed by apply- 
ing stove distillates or diesel oils, which are toxic to vegetation- After 
killing and drying, the vegetation can be burned, particularly if a 
sprayer is used with distillate to augment the blaze. Arsenical weed 
killers such as sodium arsenite or an acid solution of arsenious chlo- 
ride may be used where there is no danger that cattle or other herbiv- 
orous animals will be injured. In any agricultural community the use 
of arsenical weed killers should be avoided. 

W constructed on somewhat the same principle as the 

plumber’s blow torch and capable of throwing a blue flame two or 
three feet long, can be used for clearing dense vegetation, but the 
general experience seems to be that they are more expensive than 
other methods of clearing. 

Trees, stumps, boulders, and other obstructions can be removed 
easily by blasting. 

Ditching with expi-osives 

Under some conditions drain ditches can be excavated quickly and 
economically by blasting.^® Where an outlet must be obtained through 
a rock formation or outcrop, holes should be drilled in the rock, witli 
pneumatic drills if available, otherwise by hand drills, and the rock 
blasted out with appropriate explosives. The depth and spacing of 
holes, the type of explosive, and the quantities per hole should be de- 
termined by an experienced man, or approximated as nearly as pos- 
sible by consulting a text or manufacturer’s handbook on explosives. 
As it is definitely dangerous for inexperienced persons to use explo- 
sives, it null be good policy to employ an experienced man to direct 
any blasting work in rock formations. 

In very wet, soft ground, ditches can be excavated by dynamite ex- 
ploded by the self-propagating system, and while the dangers inher- 
ent in the handling of explosives, and particularly of detonating caps, 
by inexperienced persons make it advisable to employ an experienced 
man to direct the work, nevertheless ditches can be excavated, using 
this method, inexperienced persons who are cautious and who care- 
fully follow directions. 

The best available information on ditching by explosives in wet 
ground is contained in the bulletin Blasting Ditches mtJi Eocfloswes^ 
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prepared (19S9) and distributed by E. 1. du Pont de Nemours & 
Co., Inc., Agricultural Extension Division, Wilmington, Delaware, 
U.S.A. This bulletin can be obtained also from the company’s branch 
offices in the principal cities of the United States, and in normal times 
in other countries. 

In water-saturated soil the shock of an exploding dynamite charge 
will be transmitted sharply through the relatively incompressible 
water in the soil and cause adjacent dynamite sticks to explode by the 
concussion. This is termed “self-propagation” of the blast. In tins 
manner, provided the spacing and loading of the holes are correct for 
the soil condition and a correctly sensitive dynamite is used, only a 
central charge of dynamite need be exploded by a fuse; the rest of the 
charges up to certain distance limits will explode simultaneously. 

If the holes are placed on line for a ditch, it can be blasted out sec- 
tion by section in lengths according to soil conditions. Usually it will 
be found practicable to limit section lengths to about 300 lineal feet, 
with 500 feet the maximum. 

Dynamite for ditching by the self-propagating method should be a 
50 per cent nitroglycerin dynamite particularly made for such work. 
The cartridges are usually eight inches in length and one and one- 
fourth inches in diameter, weigh about one-half pound each, and are 
packed in fifty-pound boxes. 

Under wet soil conditions one pound of dynamite will excavate from 
about one-half cubic yard (heavy soil with moderate moisture) to 
about one and two-thirds cubic jmrds (very wet soft muck) , with an 
average of about one cubic yard per pound of dynamite. 

Knowing the size (cross-section) of ditch, the volume per lineal 
foot of ditch can be determined if the side slope (usually about forty- 
five degrees) has been observed from a preliminary test blast. The 
proper spacing of holes and the number of sticks of dynamite per hole 
can then be computed approximately, and if required can be modified 
according to the results obtained in blasting the first section of ditch. 

Comparatively narrow shallow ditches can be blasted with a single 
line of holes, normally spaced about eighteen inches apart for single- 
stick or two-stick loads, though greater spacing is often possible, 
Wider ditches will require two or more lines of holes and, according to 
the weight of earth to be excavated, will require a varying weight of 
dynamite per hole, with appropriate spacing. From three to five 
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Figure 26 . A dynamite blast exploding to excavate a drain 
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sticks per hole take usually a twenty-four-inch spacing of holes ; six 
sticks, three feet; ten sticks, three and one-half feet, and so on. 

The proper depth for placing charges can best be determined by 
test blasts, but a rough estimate is that the bottom of the charge 
should be above the bottom of the ditch by a distance of about one- 
quarter of the total depth of ditch. Obviously, the bottoms of a line of 
sticks should be uniform, or an irregular ditch bottom will result. 

In excavating and loading holes, the most efficient tool under nor- 
mal conditions is the Ashley core punch bar (see du Pont bulletin, 
pp. 12-13). Wood or steel bars, or augers, one and one-half to two 
inches in diameter, can be used, but are less efficient. If larger holes 
are required, a post-hole auger should be used. 

In ditching through swamps it may be necessary to do some pre- 
liminary clearing of overhanging trees whose branches might cause 
the blown-out dirt to drop back into the ditch. Stumps, trees, rocks, or 
other obstructions on line can be removed either beforehand by sepa- 
rate blasts or simultaneously with the main blast by additional dyna- 
mite properly placed under such obstructions. 

The cost of ditching with dynamite will vary according to condi- 
tions. A ditch to drain Round Pond near Newport, Arkansas, was 
blasted in 1943 at a cost of $3,674, The ditch was 18,650 feet long, 
10 feet wide on top, 3 feet wide on the bottom, and 3 feet deep, and 
drained an area of 200 acres (see Monthly Report^ MCWA, 
TJ.S.P.H.S., September, 1943). On this basis the unit costs were 
twenty cents per lineal foot, or twenty-eight cents per cubic yard. 

Laying OUT DRAIN DITCHES 

Drains of any considerable size and yardage and all those to be ex- 
cavated under contract should be carefully surveyed and cross-sec- 
tioned and the yardage accurately computed. The usual surveying 
methods familiar to all engineers should be employed. But for the 
smaller size ditching that plays so large a part in most mosquito 
abatement work, transit and level are an unnecessary and expensive 
refinement. A few stakes, 500 feet or more of stout chalk line or 
strong cotton cord for line, and a hand level with a ten-foot board 
marked in feet and tenths are all that is required. If a regular hand 
level (pocket size) is not available, a carpenter’s level may be adapted. 
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Enough water in the bottom of the ditch to give a continuous sur- 
face mates a perfect level. 

Naturally, the purpose in laying out drains is to get effective 
drainage at the least cost. Where the general slope of the ground is 
appreciable to the eye, it is usually a simple matter to follow the low 
points to a place where the drainage water can be directed into some 
natural water course or other place where there will be sufScient fall 
to carry it off. Laterals would then be run from the main drain by 
the shortest distance to connect low spots or wet areas to the main 
ditch. The bottom of the main drain must be deep enough for the 
laterals to reach all the low spots in the area to be drained. The hand 
level is very useful for determining these depths. 

Maintenance op drain ditches 

After the drain ditch is constructed, it must be maintained in ef- 
fective working order. Three main conditions making constant main- 
tenance necessary are: 1) growths of vegetation; S) caving or 
sloughing of banks ; and 3) artificial obstructions. 

Under some conditions growth of vegetation in and adjacent to 
ditches is not a problem, but as a rule ditches will require clearing 
several times a year in order to keep them free from obstructing 
growths. In tropical or semi-tropical countries the problem of keep- 
ing drains free from vegetation is most difficult and the source of 
considerable expense. Wliile weed killers may be helpful under some 
conditions, in most cases dependence must be had on hand labor in 
cutting down and clearing out growths. The frequency of clearing 
will depend of course on local soil and climatic conditions and so the 
annual cost will usually be difficult to estimate in advance. 

Caving or sloughing of ditch banks is apt to occur in new ditches 
for the first year or two, After that the banks usually become fairly 
stable and little further trouble is encountered, unless cattle pastured 
along the ditches break them down. 

Artificial obstructions are as a rule frequent only in the vicinity of 
public roads near a city or to'wm. It is surprising the number of 
people who will haul refuse away from their homes out into the coun- 
try and dump it. Usually they will dump it in a ditch close to a road 
and block the ditch completely or partially. The ditch thereupon be- 
comes a mosquito producer. 
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Frequent inspection of drain ditches, say at least once every two 
or three weeks during the breeding season, should be carried on, and 
all obstructions to flow, whether natural or artificial, removed 
promptly. During the winter all ditches should be gone over care- 
fully and trimmed to grade and to the proper side slopes of banks, 
so that at the beginning of the breeding season all ditches will be in 
first-class order. 

.Ditch LINING 

Under some conditions it may be desirable to line drain ditches^® or 
at least to line the bottom portion of the drains. The purpose may be 
to maintain the ditch cross-section in ground that is unstable or easily 
eroded, to prevent growths of vegetation in the ditch, or to reduce the 
necessity and cost of maintenance. 

The lining of anti-mosquito drainage ditches is not a new idea. 
J. A. LePrince^^ used it in the Panama Canal Zone, and it has been 
used more or less in the tropics^® and in Europe. Ditches are also being 
lined in some of the southern states in the United States. In the final 
analysis, the general usefulness of ditch lining will depend upon rela- 
tive cost: the initial and maintenance cost of lining compared over a 
period of years with the cost of maintaining unlined ditches, assuming 
equal effectiveness of abatement of mosquito breeding. 

Drain lining materials, especially for the bottom of the drain, are 
usually durable materials which will resist erosion. Many types of ma- 
terials have been used, including wood, concrete, asphalt, ceramics, 
and stone. The bottom hning (invert) and side slope lining may be 
either built in place or precast at a central plant and then installed in 
the drain. Precast units are usually economical for drains of rela- 
tively small cross-sections. They not only can be made rapidly at a 
central plant with relatively unskilled labor, but they also can be 
placed rapidly with a minimum of skilled labor. 

As a rule precast units are made in short lengths (three or four 
feet) so that they can be easily placed by one or two men. Short 
lengths also have the advantage of flexibility in making curves in the 
alignment of the drain. For long straight ditches it is practicable and 
probably economical to precast inverts and slabs, reinforced with 
steel, in twelve-foot lengths, provided a small power crane is available 
to place them. 
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For precast inverts the sliape^® is usually the arc of a circle, with 
the depth about one-quarter of the top width. The thickness is usually 
about three inches. The top widths are usually in even feet, from one 
foot minimum to about six feet maximum. 

For cement concrete linings, whether precast or cast in place, a 
well-graded coarse aggregate of hard, sound rock or gravel is re- 
quired, with a maximum size of one inch. While a 1:3:5 concrete mix 
is often specified, this should be an approximation only. The coarse 
aggregate, sand and cement, should be proportioned carefully for 
maximum density, and the water-cement ratio and the slump kept at 
a point where a reasonably high-strength concrete is obtained. The 
minimum pennissible crushing strength should be 2000 pounds per 
square inch at the end of twenty-eight days, and 2500 pounds per 
square inch is preferable. The. concrete should be very thoroughly 
tamped in placing, preferably with a vibratory tamper, to get maxi- 
mum density. Curing of concrete should also be controlled under 
moist conditions for several days after casting. 

Where reinforced concrete is required, light steel mesh is general^ 
used. 

In addition to concrete, either precast or cast in place, drain linings 
can be made of brick, clay tile, rock rubble, asphalt or wood. 

Wood linings are rather temporary, though if made of Port Or- 
ford cedar or redwood they will resist rot for many years. Well-creo- 
soted pine will also stand up for a few years. 

Fair success has been obtained with asphalt lining, using a well- 
graded aggregate and applying the mix hot. With comparatively 
sand37^ soils an asphalt emulsion can be applied to the soil in place, 
worked well into the soil, and then tamped and shaped to grade and 
form; such a lining is comparatively cheap, but not necessarily 
durable. 

Longitudinal half-sections or one-third sections of clay pipe can 
be furnished by clay pipe manufacturers on special order, and if made 
of extra strength material (high temperature vitrified) are quite 
durable. The ordinary clay pipe may be brittle and easily damaged. 
Vitrified pipe, linings usually cannot compete in cost with concrete 
linings. 

Linings may be made of burned brick or flat stones. They should be 
set in a bed of mortar, and preferably plastered over with a one- 
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Figuie 28 . Placing the concrete bottom lining for a drainage ditch 
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fourtli-inch-thick mortar surface. Brick may be laid flat, with one- 
half-inch joints, and should be well soaked in water before laymg. 
Stone also should be well wetted before laying. Mortar should be made 
of one part cement and three parts clean sand, with a little lime putty 
to produce good workability. 

The question whether brick or rock is to be used for drain lining 
will depend not only upon the availability and cost of these materials, 
but also upon the availability and wage rates of labor skilled or semi- 
skilled in masonry work. In general, men of Italian, Spanish, or 
Pueblo Indian stock are often good natural masons, and where such 
labor is available at reasonable wage scales, brick or stone linings may 
be economical. 

In general, it will be advisable to keep velocities of flow in drains 
above two feet per second to minimize any possible deposit of silt. In 
large drains, where a considerable rainy season flow occurs but there is 
only a small dry season flow, a small central section should be de- 
pressed in the bottom to concentrate the dry season flow, with a 
slightly sloping berm on each side to give the total bottom width re- 
quired for rainy season flows. 

Wliere it is desirable to line the drain above the comparatively small 
bottom section, flat slabs of concrete, either precast or cast in place, 
may be used if fairly rapid velocities of flow are probable. If the ve- 
locities will be relatively low, sodding the banks with a tough grass, 
such as Bermuda, will generally be a sufficient protection. 

Where curves or changes in ditch alignment occur, and at junc- 
tions of drains, it is usually necessary to provide some form of bank 
lining, as well as bottom lining, to prevent erosion. 

Whether using precast or built-in-place linings, care must be taken 
to have a firm, properly shaped subgrade carefully graded before 
placing the lining. If muck or soft mud is encountered, it should be 
removed and replaced with sand, gravel, or firm dirt. In very wet sub- 
soil it may be necessary to lay an underdrain of four-inch drain tile in 
order to insure a stable lining. 

Side slopes for drains are usually about one vertical on two hori- 
zontal, though in very firm soils one-on-one side slopes are sometimes 
practicable. But under some conditions the available top width of 
channel (especially in towns) may be relatively small, so that to get 
the necessary cross-section area vertical side walls of stone or concrete 
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are needed. U'nder such conditions consideration should be given to 
replacing the open drain with a concrete, vitrified clay, or corrugated 
metal pipe. 

Bottom linings should be provided with weep-holes at reasonable 
intervals according to conditions. In some soils weep-holes may be 
needed every ten feet; in other soils only every 100 feet. They should 
be about one inch in diameter ; smaller holes may clog, and larger 
holes may wash much soil into the drain and permit caving below the 
lining. Weep-holes should be placed just above cut-oif walls two to 
three inches thick and having a depth about two inches greater than 
the drop in grade per 100 feet. 

For built-in-place linings expansion joints should be provided at 
about 2l5-foot intervals longitudinally. For precast linings expansion 
joints should be provided at about 100~foot intervals as a maximum. 

With precast inverts the upper and lower lips of the joint^” can be 
cast into the section, using special forms for the purpose, and giving 
about a three-inch lip. For built-in-place lining the bond between the 
upper and lower face of the sliding joint can be broken by laying a 
strip of tarred building paper on the lower lip before pouring the 
upper section; a groove, about a half-inch wide, left between the 
abutting ends of the top of the lining can then be filled with an elastic 
jointing compound or specially prepared jointing material. 

In constructing lined ditches a template of the exact cross-section 
of the siibgrade is necessary for good work in trimming the bottom and 
sides before placing the lining, and for built-in-place linings a tem- 
plate of the finished cross-section is necessary for good work. If 
strongly built, the finished template can also be used as a screed. These 
templates should have either a true horizontal cross-piece which can 
be set level transversely in the ditch by a carpenter’s level, or a true 
central vertical axis which can be set with a plumb bob. 

True grades may be set by placing stake tops on the center line of 
the ditch, or by measuring down from a taut line or wire set on cross 
boards (batter boards) above the ditch at about fifty-foot intervals. 

Underground drainage 

Underground tile systems are used for drainage of agricultural 
lands and also of such areas as airport landing fields and athletic 
fields which require a surface free from irregularities. As it is con- 
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siderably more expensive than drainage by open ditches, its applica- 
tion is limited to special cases not as a rule encountered in mosquito 
abatement work. Good practical descriptions of tile drainage systems 
may be found in various engineering texts on drainage.^ 

There are alternate measures which will more or less satisfactorily 
take the place of underground tile drains, usually at less initial cost. 
Corrugated metal pipe, perforated frequently by small holes on the 
under side, has been used in place of either clay or concrete pipe. It 
is especialty useful where the ground is very unstable and flexibility 
is required to withstand deformation in alignment and grade. 

Drains made of wood, triangular in cross-section with weep-holes 
bored into the lower edges of the sloping sides every few inches, may 
also be used. If made of redwood or Port Orford cedar, such drains 
will have many years of useful life; but if made of ordinary wood 
such as pine, they may rot out in a few years unless heavily impreg- 
nated with creosote. 

Systems of narrow trenches fllled to the surface with gravel or 
crushed rock can be used satisfactorily under some conditions, if the 
gravel or rock can be obtained cheaply. Where brush or trees are 
available, the so-called ‘“brush” or “pole” drains are relatively inex- 
pensive though less satisfactory. The former are trenches parity filled 
with coarse brush; the latter are made with slender, straight tree 
limbs, saplings, bamboo, and the Hke, laying one pole on top of two, 
five or nine other poles pyramided so as to leave channels between the 
poles.. 

Pole drains should be imade up in sections six to twelve feet in length, 
the poles tied together with fiber, twine, or rope so as to maintain 
them in proper relative position while being placed^ These sections 
can be butted together end to end, laying them much as drain tile 
would be laid. 

Pole drains can take the place of pipe drains where pipe is not avail- 
able and subsoil drains are required quickly. If made of bamboo they 
will probably last ten years or more; sapling drains will probably last 
only two or three years. 

Pole drains, after being assembled in the ditch, should be covered 
with gravel if available, or otherwise surrounded and covered with 
coarse brush, palm leaves, or similar materia! to minimize clogging 
with infiltrating dirt. 
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In permanent subsoil drains, junction boxes should be provided at 
junctions in pipe lines. An extra inch of drop in grade should be pro- 
vided at each junction. In sandy soil, junction boxes can be designed 
to act also as sand traps, made rectangular, one foot deep below the 
invert, and with a length four times the width. An opening to the sur- 
face (manhole) should be provided for cleaning out. Junction boxes 
and sand traps can be precast. 

Subsoiling a marshy area with a ‘‘mole” drawn through the soil 
laterally from a main drain will, in some types of soils, particularly 
clay soils, improve drainage greatly but usually only temporarily. 
The mole is an elongated metal ellipsoid, either rigidly attached by 
a steel plate to a supporting frame, somewhat in the manner of a sub- 
soil plow, or attached to the bottom of a rigid vertical cutter plate by 
two or three steel chain links to give the mole some degree of move- 
ment laterally or vertically. 

The mole is drawn through the subsoil by a track-laying type of 
tractor. With a mole nineteen inches long and six inches in diameter, 
these drains can be put in at a rate of about three miles per hour. 

R. H. Sammis^^ has had good success with a mole on the Nassau 
County marshes. Even after ten years these drains were still operat- 
ing, though their diameter had been reduced from the original six. 
inches to about two and one-half inches. 

Sumps ■ 

Comparatively small, shallow water marsh areas may be encoun- 
tered where a long ditch to remove the surface water may be necessary. 
The cost of such a ditch in relation to the small area drained may be 
excessive, and yet the constant larviciding required by the marsh is 
also an expense and rather an annoyance. 

In such cases it may be possible to blast out or otherwise excavate 
a central sump, dig a few short radiating ditches to it, concentrate the 
surface water in the sump and the ditches, and stock them with fish. 
Even if some larviciding is required, the area is greatly reduced. 
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Figure 30. Placing a thin- 
shell concrete ditch bottom 
lining (one and one-half 
inches thick), with “chicken- 
wire” reinforcement 
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Figure 31. Sod protection of drain ditch bank above thin-shell 
concrete bottom lining 
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Figure 32 . Precast concrete invert used .as drain ditch bottom linin. 
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IX 


DRAINAGE AND RECLAMATION OF 
SALT-WATER MARSHES 

Salt maeshes along the shores of the ocean and its various bays, 
sounds, and estuaries include aR low lands affected by salt or brack- 
ish water and subjected to tidal action. The daily or semi-diurnal 
fluctuation of the water elevation is the principal feature distinguish- 
ing these marshes from the inland or fresh-water marsh. The type of 
vegetation is also very different. 

The soil in salt marshes is usually a dense clay or very fine silt and 
is almost alwa3^s overlaid by a porous peaty top soil varying in depth 
from a few inches to many feet. Tliis peaty top soil may be of con- 
siderable depth at the heads of bays if rivers of any size enter the bay, 
but usually becomes thinner as the ocean is approached. 

In general, salt marshes while appearing to be quite flat have a 
gradual slope between low tide level and the adjacent dry land. The 
tidal phenomena divide these marshes into two main areas which 
should be distinguished for mosquito abatement. In those areas which 
are below the normal high tide level (mean high water) and which 
are subjected to daily tidal action, mosquito breeding seldom occurs. 
On the other hand, in areas which lie between the elevations of mean 
high water and extreme high tides and which are only occasionally 
subjected to tides, there occurs practically all the breeding of salt- 
marsh mosquitoes. 

AFFECTING ABATEMENT MEASURES 

Tidal phenomena 

Anyone who has salt marshes to contend with must familiarize him- 
self with local tidal phenomena. Tides vary in different parts of the 
world in both range and type.^ Three types are generally recognized : 
semi-diurnal, diurnal, and mixed. In addition, the so-called river Wpe 
is sometimes recognized, and a ‘‘wind tide” is important in certain 
.■regions. ■ ..■■:', 

In the semi-diurnal type of tide there are two high and two low 
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waters each day, the high waters being approximately of the same 
height and the shape of the graph of the two tides being similar. In 
the diurnal type one high water and one low water occur daily. In 
the mixed type two high waters and two low waters occur daily, but 
they are markedly different in height and in the form of the tidal 
graph. River tides show a modification of the ordinary tide due to 
the outflow of the river, so that the rate of rise on the incoming tide 
is more rapid than the rate of fall on the outgoing tide. Figure 
(after Rude) exliibits these types of tides. In some cases, as at Ma- 
nila, P.I., the diurnal tide may become a semi-diurnal tide for a few 
days during a month. 

On the Atlantic coast of the United States prolonged strong east- 
erly winds will pile up water against the shore, at elevations appre- 
ciably above the normal tide levels, for considerable periods of time, 
during which the usual tidal fluctuations may be obliterated or greatly 
reduced. As a result shore marshes and adjacent lowlands become 
flooded for weeks at a time, and drainage systems are defeated in their 
expected effect. Under such conditions a diffuse mosquito breeding 
usually occurs, and although the number of larvae per square foot 
may appear to be low, the great area flooded results in a large total 
output of mosquitoes, and may cause an appreciable pest. 

Along the Florida coasts a similar situation may be aggravated by 
the presence of off-shore banner reefs, which may operate to prevent 
normal tidal action from draining away such excessive tides, as well as 
the ordinary high tides. 

Tides in bays or estuaries may be greatly modified by floods on the 
tributary river system, especially if the ocean outlet is at all re- 
stricted. Under such conditions either the tidal elevations may be 
temporarily increased, although undergoing fluctuations in normal 
sequence, or in extreme cases the tidal cy cle may be completely obliter- 
ated during tbe maximum flood period. 

Owing to the changing position of the moon in relation to the sun, 
the heights and depths of the tides vary during the lunar month. 
When the sun, moon, and earth are in line (new moon), w^e have high 
tides (spring tides) ; when the moon is in quadrature, at right angles 
to the line between the earth and the sun, we have low tides (neap 
tides). The so-called spring tides, one or two of which occur each 
month, fill the pools along the upper portions of the marshes, and in 





Figure 33. Tidal types. Representative tidal graphs illustrating the 
principal tidal forms 
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these pools occur the principal amounts of salt-marsh mosquito 
breeding. 

The time and heights of the normal tides in all principal parts of 
the world are predicted in advance by the United States Coast and 
Geodetic Survey and by similar agencies in other countries. The in- 
formation is published in various tide tables for the principal ports, 
with correction factors for time and height for secondary ports and 
places in the vicinity of the major ports. Any mosquito abatement 
agency which has a salt-marsh breeding area within its jurisdiction 
wall need to make frequent use of the annual tide table for its area. 

The dates, times, and heights of the monthly highest tides are im- 
portant in their bearing on the appi’oximate time of emergence of a 
new crop of salt-marsh mosquitoes. It should be the invariable prac- 
tice during the salt-marsh mosquito breeding season to inspect all 
known or suspected salt-marsh breeding areas, beginning about two 
days after the highest tide and completing the inspection within six 
or seven days. The wait of two days is for the purpose of giving the 
larvae opportunity to develop to a sufficient size to be easily seen 
with the unaided eye. Under favorable conditions the time from egg 
hatching to emergence is sometimes as short as eight days ; therefore 
the inspection, with necessary abatement measures, must be com- 
pleted witliin that time if a flight is to be prevented. 

In marsh drainage work it is also necessary to know the dates, 
times, and heights of both the highest tides and the lowest tides. The 
higher tides, if they occur during the day, will frequently make it 
difficult or impossible to continue ditching or ditch maintenance work. 
In that ease the work should be temporarily suspended and the men 
assigned to work elsewhere. In installing tide-gates or other struc- 
tures on the marsh it is usually necessary to wait for a very low tide in 
order to be able to do the work satisfactorily and at minimum cost. 

The extreme tidal heights are also of importance in determining 
the heights of dykes or levees. In setting the height of dykes allow- 
ance must be made for the exceptional high tides known as storm 
tides, resulting from the combined effect of spring tides and high 
winds which tend to pile up the water on shore. River floods entering 
bays at tlie time of spring tides will also raise the high tide level. 

Visible evidence of the height of these extreme tides should be 
looked for in each locality. After the elevation of the extreme tides 
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has been determined, an additional height or freeboard for the dykes 
should be determined, which will be dependent on the probable wave 
height. Wave height is roughly dependent on the reach or length of 
water surface exposed to wind action. The formula generally used to 
determine wave height is 

H ==: l.Sl/R 4- (S.5 - T R) 

H is the wave height in feet, and R the reach in miles in the longest 
straight line from the dyke which may be drawn on the wmter surface 
of the bay or harbor. The formula does not apply to exposed ocean 
shore line; for such situations the judgment of men familiar with the 
coast should be obtained. 

Types oe salt marshes 

Salt marshes are of two general types : ocean shore marshes and 
bay or estuary marshes. Depending upon the general character of 
the coast line, the ocean shore marshes wall be either narrow, limited 
in area, and isolated, or extensive in area and more or less continu- 
ous. On the Pacific coast of North and South America, for example, 
ocean shore marshes are few and of small extent owing to the com- 
paratively abrupt rise of the land from low water to a range of 
coastal hills or cliffs. Along the Atlantic coast, however, the conti- 
nental shelf has a very slight rise for many miles inland and the 
marshes are extensive. 

Ocean shore marshes present no essential difference from bay 
marshes, so far as control measures are concerned, except that, owing 
to much greater wave action, drainage outlets are more difficult to 
maintain, and special attention must be given to prevent wave ero- 
sion of dykes, if dykes are required. Special outlet structures or ac- 
cessories to the common types of outlets are usually necessary, and 
far more maintenance is required on ocean front than on bay or estu- 
ary’’ outlets. 

Bay marshes are built up primarily by the silt content of the bay 
water deposited under shallow water conditions. This silt content is 
very finely divided, and as a result the marsh material consists of a 
mud or clay which is relatively dense and impermeable. The silt is 
obtained from the flood waters of the principal river or rivers enter- 




Figure 85. Cutting dense tall weeds on a marsh to permit successful oiling 
later when the marsh is flooded for duck ponds 



Figure 37. Hand-dug main 
drain emptying into a slough. 
Lateral ditches may be seen 
in the background 


Figure 36. Laborers excavating a drain ditch across a salt marsh 
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ing the bay. Some silt is also obtained from the flood erosion of the 
high land abutting on the marsh, but the principal effect of such 
local erosion is to deposit a relatively coarser material at the upper 
edge of the marsh, thus in time narrowing the marsh by elevating the 
landward edge. Under such conditions of deposit from local erosion 
it will be observed that the marsh material tends to become relatively 
coarser and more porous toward the landward edge, or that it may 
consist of alternating layers of coarser sandy material and fine silts. 
In such formations lateral drainage into ditches is noticeable, and 
drain ditches can be spaced at wider intervals. 

Marshes in the deltas of large rivers that have traversed exten- 
sive flat valleys, and in the upper poidions of the bays into which 
such rivers flow, usually will consist of considerable depths of peat or 
muck interspersed with silt. The peat deposits are usually found on 
the leeward shore, as the broken-up tules and rashes, which are 
the major constituent elements of peat, float at or near the water 
surface, and are affected by the wind as well as by the water currents. 
As the distance from the mouth of the river increases, the amount of 
peat deposited becomes less so that if the length of the bay is suffi- 
cient, the character of the marsh deposits ma}'’ change from primarily 
peat near the mouth of the river to primarily or exclusively silt near 
the ocean. 

The drainage or reclamation of peat marshes presents two prob- 
lems : shrinkage and fire hazard. For mosquito abatement purposes 
it is desirable that the water level be lowered only enougli to pull the 
water out of the breeding areas and the dense vegetation. Further 
lowering of the ground water level is a positive disadvantage in that 
shrinkage will occur, and ultimately pumping will have to be resorted 
to at considerable expense. Lowering of the ground water level also 
will expose dry peat to the danger of fire. A peat ground fire can 
only be extinguished by flooding, though small peat fires can be put 
out by excavating a trench down to wet material all around the burn- 
ing area and then pumping water onto the peat, at the same time 
digging up the peat to permit the water to penetrate it. Fires in peat 
dykes can be put out only by pumping water onto the burning por- 
tion, at the same time digging into and turning up the burning peat 
so that the water penetrates into the burning mass. 

The abstraction of water from marsh soils, and consolidation due in 
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part to drying out of organic matter in such soils, will usually result 
in some shrinkage and lowering of the general ground level. This 
shrinkage in some cases is sufficient to make it impossible to continue 
the drainage by gravity and resort must be had to pumping, some- 
times at considerable expense where extensive areas are drained. It 
will always be very desirable to make a study of probable marsh 
shrinkage before a reclamation project is undertaken, to determine 
whether pumping will eventually be required and, if so, whether the 
cost of pumping is justifiable. In many cases the economics of the 
situation may indicate that open marsh drainage is preferable to 
reclamation. It is reported that at some places along the Atlantic 
coast the use of reclamation for mosquito control has been disadvan- 
tageous because of shrinkage and the lowering of the marsh level. 

In clay marshes, reclamation may cause the marsh mud to crack 
as it dries out. This cracking is a form of shrinkage. Under some 
circumstances the cracks may be several feet in depth and contain 
water at the bottom which will produce mosquitoes. These cracks are 
difficult to locate if covered with vegetation and it is always difficult 
and expensive to oil them. Such cracked breeding marsh can best be 
controlled by plowing so as to break up the surface and hll in the 
cracks. After the initial plowing, an occasional disking should be 
sufficient to keep the cracks filled. 

Initial plowing will cost from five to ten dollars per acre, and sub- 
sequent disking perhaps half as much. As cracked ground can hardly 
be oiled for less than about four dollars per acre, and not very effec- 
tively oiled at that, and as several oilings will be required each year 
the economy of plowing and disking is obvious. 

Mab.sh vegetation 

Salt marshes are usually easily recognized by their location and 
by their distinctive vegetation. On the Pacific coast, for example, tlie 
pickleweed, Salicornia ambigua, is the typical salt-marsh growth. 
For all practical purposes it is a correct statement that breeding of 
Aedes dorsalis^ Aedes squamiger, and Aedes taeniorhyncus occurs on 
the Pacific coast only in association with the Salicornia. The growth 
of this marsh vegetation is in many places so thick and matted that 
it is impossible to obtain any effective percentage of kill of mosquito 
larvae by oiling methods. Under such conditions, drainage is not only 
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more economical than oiling bnt is the only effective abatement 
measure,.''. 

J. B. Smith states^ that on the New Jersey marshes the sedges 
{Carew species) are lowest in elevation, the three-square grass (Scir- 
pus americanus) is intermediate, and the salt-meadow grass (Spar- 
tina patens) send the black grass (Juncus gerardi) grow on the higher 
ground. The intermediate three-square grass is typical of mosquito 
breeding. On the Connecticut marshes DisticJilis marifkm is charac- 
teristic of mosquito breeding.*'^ 

Where the growth of marsh vegetation is very thick, it is a decided 
handicap to thorough inspection work and makes progress across the 
marsh difficult and frequently dangerous. Where dense vegetation 
obscures cracks, holes, and small sloughs, the workmen are in danger 
of sprained ankles, wrenched backs, or even broken legs. A man pack- 
ing a knapsack sprayer with five gallons of oil may be painfully in- 
jured by falling into a concealed crack. Knowledge of this danger 
causes the men to walk slowly and cautiously on marsh having dense 
vegetation so that the work is slowed down appreciably. 

It will be found advisable, therefore, to burn off excessive marsh 
vegetation during the late autumn or winter according to climatic 
conditions. Usually it will be found helpful to use oil in knapsack 
sprayers to assist the fire in spots which burn with difficulty, but if a 
dry day with a moderate wind is selected little oil will be required ex- 
cept in starting the fire. The usual precautions against fire damage 
to adjacent property should be taken. If there are any structures 
(including fences) on the marsh, a clear area should be cut around 
them before the principal fire is started. Another caution: marshes 
should be burned at a time when there will be a minimum of damage 
to wild life. Under some conditions, if wild life on the marsh is to he 
preserved, it should not be burned at all. 

Owing to the habit of the salt-marsh mosquitoes to lay their eggs 
in the mud adjacent to and under the marsh vegetation, it would 
seem that burning the marshes would destroy the eggs. We have 
found, however, no appreciable reduction in the amount of hatch after 
a marsh has been burned. Even after several burnings the hatch ap- 
pears to be just as numerous as ever. 

Aside from the marshes affected by the daily tides, there are often 
adjacent marshes, usually slightly higher in elevation, which are 
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flooded only during the spring run-off or winter rains. In the San 
Francisco Bay region such marshes are the typical breeding places of 
Aedes squamigert wliich has one annual brood in that region, hatch- 
ing in early January and emerging usually in mid-March. 

Shore marshes which are affected by both tidal action and stream 
flow from the land must be considered from the standpoint of produc- 
tion of certain species of Anopheles, as well as pest species of Aedes. 
Under these conditions a brackish marsh water may result. In the 
Mediterranean area this is favorable to the breeding of the efficient 
malaria vectors, Anopheles sacharom and Anopheles labrancMae 
labranchicLe. On the Bengal, Burma, and Malaya coasts, and in the 
Netherlands Indies islands, Anopheles sundaicus is an important vec- 
tor breeding in brackish water. Dykes and gates which will either ex- 
clude salt water, or which will keep the marsh flooded with salt water, 
win help to drive out such dangerous vectors. 

There are two principal methods of marsh drainage: open marsh 
drainage and reclamation. 

In open marsh drainage, the marsh is opened up by ditches to the 
free ebb and flow of the daily tides so that no portion of the marsh 
has any standing water in which mosquitoes may develop. This type 
of drainage is best adapted to comparatively narrow marshes, for 
which the length of any individual drain from outlet to the upper 
end of any branch does not exceed about ^000 feet. It is also to be 
preferred in ground which will probably crack or shrink badly if 
drained dry. But where extensive areas are to be drained which in- 
volve very long drain ditches or where an agricultural or industrial 
use will result from drying out the marsh, then reclamation is to be 
preferred. 

In the reclamation type of marsh drainage, the area is surrounded 
on the shore or low sides by a dyke. The dyke is pierced at one or 
more places by an outlet structure which permits water behind the 
dyke to run out at low tides, but which prevents any return flow at 
high tides. Suitable drain ditches are excavated to conduct water to 
the outlet structures. These ditches are normall}'^ larger in dimen- 
sions and more widely spaced than the ditches used in open marsh 
drainage. 

The disadvantages of the reclamation type of drainage are the 
cost of maintenance of the dykes and outlet structures, an outlay 
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which may be considerable under some conditions ; the possible crack- 
ing of the ground, resulting in mosquito breeding which can be con- 
trolled successfully only by plowing and disldiig; or possible shrink- 
age which lowers the land to such an extent that pumping will be 
necessary. The advantages of the reclamation type of drainage are 
that on large marshes it is frequently less expensive and more effec- 
tive than open marsh drainage, and it may permit the reclaimed 
marsh to be used for agricultural or industrial purposes. 

OPEN MARSH DRAINAGE 

Two main types of open marsh drainage have been recognized: 
the pool-connecting system and the parallel-drain system. In the first, 
ditches are run on the shortest lines to drain the individual pools on 
the marshes. In the second, approximately parallel ditches are dug 
across the marsh, spaced at nearly equal distances. 

Our experience has led us to abandon both systems in favor of a 
method which we believe to be more economical and effective and 
which may be briefly described as follows. Low areas containing 
water standing under dense vegetation, which are the most prolific 
breeding areas, are first located and roughly outlined. Wood laths 
may be used as markers for this purpose. The main sloughs and their 
branches are also followed out, trimmed, and cleared out, especially 
if concealed or obscured, and any obstructions to flow therein are re- 
moved. In general, it will be found economical to utilize existing 
sloughs and their branches as the mains of the drainage sj^stem. Loop 
bends may be shortened by cutting across any narrow necks. After 
the sloughs are located and cleared, ditches are then dug on the short- 
est line from the low overgrown areas and large pools to the nearest 
main or branch slough. If the ditch passes in the vicinity of a pool, 
it may be diverted slightly from a straight line to pass through the 
pool, or else a branch or stub ditch is connected to it, depending on 
which requires the least ditch. If no slough or its branch is available, 
a main ditch following in general the low areas, with laterals as re- 
quired, is constructed to all major low spots and pools. 

In laying out these ditches, minor pools and damp areas are at 
first neglected, until after the principal drains are put in. After the 
next monthly high tide occurs the area is 'again examined and any 
areas which have not drained properly are drained by small ditches. 
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Frequently it will be found that the main drains have made a number 
of projected minor ditches unnecessary, because of lateral drainage 
through the porous top soil of the marsh. 

The spacing and position of drain ditches are appreciably influ- 
enced by the porosity of the marsh soil, especially of the top layer 
which is frequently peaty in character. Even where the principal 
marsh soil is a dense blue clay, the surface may be a layer of rather 
porous, partially decomposed vegetable matter together with the 
matted roots of marsh grasses. This layer will vary in depth from a 
few inches to a foot or more. The depth of this top porous layer, to- 
gether with the depth of the drain ditch, controls the amount of lateral 
drainage effect exerted by the ditch. In general the thicker the porous 
top layer and the deeper the ditch, the wider will be the strip drained 
by the ditch. However, the top layer is seldom uniform in thickness or 
in porosity over any considerable area, so that the width of lateral 
drainage obtainable on one marsh cannot be used safely for determin- 
ing the spacing of drains in another marsh which may appear to be 
very similar. 

The depth of the drain ditches will be controlled by the elevation 
of mean low tide at the particular marsh in question if the tide is 
diurnal or semi-diurnal in character. With a tide of mixed character, 
the elevation of mean lower low water wall be the lowest available depth 
for a drain. The bottom of the ditch may be approximately one foot 
low'^er than this elevation in order to provide the cross-sectional area 
necessary for the tidal flow\ 

If the rate of rise of the marsh surface toward the adjoining high 
land is relatively slight, in other words, if the marsh surface is very 
flat, the depth of the main drains may be kept at a constant level 
throughout so as to obtain all possible depth of drains throughout 
the marsh. The hydraulic gradient required to get an outflow of 
drainage water will then be obtained automatically by a drop in the 
water surface along the line of the ditch. Laterals should enter such 
a ditch at sufficient depth to drain the area they reach. 

If the marsh has an appreciable general rise in surface to the ad- 
jacent high ground, tlien the bottom of the main ditch should be 
constructed on a grade which will give minimum excavation and still 
leave enough depth to drain ail parts of the marsh. A surveyor’s 
pocket hand level, used in conjunction with a ten-foot stadia rod 
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marked in feet and tenths, is verj useful in setting grades and eleva- 
tions on marsh ditches. Unless a marsh is extensive, the regular sur- 
veyor’s level is seldom necessary for setting ditch grades except when 
a contract is involved. 

In general, we believe that the method of open marsh drainage 
herein outlined obtains drainage fully as effectively as either the 
pool-connecting or the parallel-ditch system and at a lower cost. It 
does not appreciably change the ecological balance of the marsh and 
in some cases, due to the improved water circulation, has been bene- 
ficial to aquatic wild life. It is, however, only suitable for work done 
by project employees, or by excavating machinery owned or rented 
by the mosquito abatement agency. It is not well adapted to contract 
work, except when the contract calls only for the excavation of the 
main drains, leaving small laterals to be constructed by hired labor. 

The type of ditch required for open marsh drainage differs from 
the type best suited to upland drainage. In general a relatively deep 
and narrow ditch is best for marsh drainage and vertical banks are 
permissible in some marsh soils. In fact, owing to the effect of tidal 
flow, the marsh ditches may have their banks considerably undercut 
and yet remain stable and free from caving. Our practice in general 
has been to construct hand-dug ditches with vertical banks and then 
on subsequent maintenance work to bevel the upper portion of the 
ditch banks on a forty-five degree slope for a depth of about one 
foot. Frequently, when maintenance work has not been kept up, some 
of these ditches will be found to be completely grown over with marsh 
grasses but still functioning perfectly. Such neglect is not advised, 
however, as a minor blockage may not be easily seen. Furthermore, 
such a ditch is dangerous to incautious persons crossing the marsh 
and even to laborers or inspectors employed on the work. 

Although a number of patented spades or ditching tools have been 
developed for hand ditching on salt marshes, our experience leads 
us to believe that the best all-round tool for marsh ditching is the 
long-handled square-point shovel, the kind that was recommended in 
the preceding chapter for fresh-water marshes. It is obtainable any- 
where, it is cheap, and any laborer knows how to handle it. The 
round-point shovel is entirely unsuited to this work. The high-grade 
alloy steel shovels have not proved as satisfactory as the cheaper 
chilled steel shovels, as their life on the job is not sufficiently longer 
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to justify their much higher cost. Workmen should be provided with 
ten-inch flat mill files for keeping the shovel edge sharp. In mainte- 
nance of hand-dug ditches, the hoe and the seven-tine pitchfork are 
useful adjuncts to the square-point shovel. 

Workmen on salt-marsh drainage will require rubber hip boots on 
the work. The best type of boot for this work is cut longer on the 
outside than on the inside and the fabric of the upper portion should 
be close woven and non-stretching. Square cut tops and stretchable 
uppers are inconvenient to the workmen, as much of the work is done 
with the tops parti}' turned down. If the boot worn has a stretchable 
top time is lost because the workman must pause frequently to pull 
the boot top up. Only the better grades of boots will stand up under 
salt-water conditions. Cheap boots are unsatisfactory and expensive. 
In order to prevent excessive cutting of the sole of the boot, the upper 
edge of the shovel may be widened to about one-half inch by brazing 
or welding onto it a steel strip. After welding, the upper edges should 
be ground slightly to remove any sharp corners or edges. 

Hand excavation of any considerable length of ditch larger in 
cross-section than three feet wide and three feet deep usually is not 
economical. Excavation machinery which is adapted to marsh drain- 
age cannot successfully excavate a width smaller than about three 
feet. Therefore there is a point at which hand ditching becomes more 
expensive than machine ditching, which must be determined for each 
particular job. The controlling factors are: 

1. The cubic yards of excavation three feet or more in width ; 

2. Cost per cubic yard of hand excavation as compared with machine 
excavation; 

3. Cost of moving excavating machinery onto the ground, and oif again ; 

4. Time available for the j oh. 


To illustrate the effect of these factors and the method of analy- 
sis, let us assume two cases of marsh excavation, which for clearness 
of illustration are slightly modified from actual projects under our 
direction. 


‘ Area 

Length of drains 

Quantity of excavation 


Project A 


by machine 
by hand . 


362 acres 
14,700 feet 
11,100 cu. yds. 
8,325 cu, yds. 
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Cost of j ob by machine work : 

Excavation, 21,100 cii. yds. at 1 5^5^ . . . . . $1,665 

Engineering, supervision, transportation, & over- 
head, 20% .... ... . ... 333 

Moving equipment to and from job . . . . . 400 

Total $2,398 

Cost of job by hand work: 


Excavation, 8,326 cu. yds. at 50^^ . . ... $4,162 

Engineering, supervision, transportation, & over- 
head, 50% ... . . ... . . . 2,081 

Total . . . ... ... . $6,243 


Difference in favor of machine work 

Project B 

Area . . . . . 

Length of drains 

Quantitv of excavation • • • ■ • 

[ by hand ...... 

Cost of j ob by machine work : 

Excavation, 1,086 cu. yds. at 15^ 

Engineering, supervision, transportation, & over- 
head, 20% 

Moving equipment to and from job 

Total . 

Cost of j ob by hand work : 

Excavation, 724 cu. yds. at 50^5 . . . . . . $ 362 

Engineering, supervision, transportation, & over- 
head, 60% ... . .... . . . 181 

Total ... . . . . . . . $ 543 

Difference in favor of hand work . ... . . $ 62 

In Project B the hand-dug ditches could have a bottom width of two feet, 
but the machine-dug ditches require a minimum bottom width of three feet. 
In Project A part of the hand-dug ditches could have a bottom width of two 
feet, but the remainder, because of storm run-off quantities, require bottom 
widths of from three to four feet. The quantities of excavation differ, there- 
fore, between hand and machine excavation, the latter requiring the greater 
yardage.' 

The considerably greater percentage charged for engineering, transporta- 


$3,845 


66 acres 
1,136 feet 
1,086 cu. yds. 
724 cu. yds, 

$ 163 

32 

400 

$ 596 
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tion, supervision, and overliead on hand-excavated jobs is in part due to the 
time element, hand work taking from two to three times as long as machine 
work. It also includes the cost of shovels, rubber boots, and similar items. 
The cost of moving the excavating machinery to and from the work includes 
freight charges and travel time to and from the equipment storage depot. On 
isolated projects at a considerable distance from a railroad it might be much 
greater than the amount stated. 

It is obvious from an examination of these jSgures that there is a 
certain size of project below which machine excavation is more costly 
than hand excavation. This must be determined for each locality at 
the time of the work according to unit costs then prevailing. 

Where time is an essential factor in the drainage project, machine 
excavation may be required in spite of its greater cost if the time 
necessary to get the equipment to the job is not too great. 

If labor is difficult to obtain, questions of relative cost may become 
comparatively unimportant, and power equipment must be used to get 
the work done. In recent years, with labor scarcity and very high 
wage rates, the tendency has been toward increased use of power 
equipment by mosquito control agencies. Small (one-fourth cubic 
yard) cranes with excavating buckets, power-driven ditch-cleaning 
machines, and self-propelled power sprayers have been especially 
favored. 

RECLAMATION 

A reclamation project for mosquito abatement consists essentially 
of the enclosui'e of a tract of marsh by a dyke or levee, the installa- 
tion of one or more outlet structures, and the excavation of drains to 
conduct surplus water to these outlets. 

Construction of dykes 

The dykes and the main drains are constructed by excavating ma- 
chinery; minor ditches may be dug by hand. Depending upon the 
character of the ground, either floating equipment or tractor-mounted 
land equipment may be used or a combination of the two types. The 
outlet structures will be either drainage gates or pumps, depending 
on topography, rainfall, flood water, or tidal elevations, and also on 
probable subsidence of the soil after drainage. 
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Courtesy The Macmillan Company 

Figure 38. Typical salt marsh in natural condition, showing 
breeding pools. Drain ditches are being excavated 


Courtesy The Macmillan Company 


Figure 39. Typical salt marsh after ditching, at low tide, 
showung the former pools emptied 





Figure 4*0. Automatic drain- 
age gate (twenty-one inch 
diameter) discharging un- 
der full head at low tide 


Figure 41. Two automatic drainage gates (four feet square) 
set in a concrete channel 
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The dimensions of thie dyke will vary according to the character 
of the marsh material and the probable height of waves. It will sel- 
dom be possible to make marsh mud stand to any height greater than 
about six feet with a side slope of more than one vertical on three hori- 
zontal. Usually a berm will be necessary. In exposed locations and on 
long dykes, the top width of the dyke should be sufficient to permit a 
roadway along the top so that trucks can have access to all portions 
of the dyke in case repairs are necessary. The natural ground sur- 
face on which the dyke rests should be scarified by the dredge bucket 
so as to make a good bond between the dyke and the marsh surface, 
thus preventing seepage along the line of contact. In some soils a cut- 
off trench must also be dug. 

The borrow-pit from which the material for the dyke is obtained 
should be located on the inside of the dyke; and a sufficient space 
should be left between the toe of the dyke and the edge of the bor- 
row-pit so as to avoid a slump in the sides of the borrow-pit which 
might result from the pressure of the wet dyke material. The bor- 
row-pit should be continuous and of uniform depth so that it can be 
used as the main drain ditch in the drainage system. 

Drainage outlets 

Drainage outlets are structures designed to permit the outflow of 
water when the water level inside the dyke is higher than the water 
level outside and to prevent the inflow of water when the water level 
outside the dyke is higher than the water level inside. The structures 
may be either automatic in operation, or operated b}’^ hand or power 
(non-automatic) or a combination of the two. 

The types of outlet structures vary according to the quantity of 
outflow water, soil conditions, the headroom or depth available, and 
the relative costs of materials. In general they are of the following 
types of construction : all metal, all wood, metal gates with concrete 
or wood abutments, wood gates with concrete abutments. No general 
rules may be laid down as to the best and most economical materials. 
The local cost of materials constructed in place and the probable life 
of the structure under local conditions must be analyzed for each lo- 
cality. Local experience with each type of material is the best guide 
as to its durability. 

The most permanent type of construction is the cast-iron gate and 



72 ?/=> 0/^£>YK£i 



Figure 42. Diagram to illustrate action of dyke, culvert, and tide gate 
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frame set in an abutment of reinforced concrete. For large outlets on 
firm ground this is probably the best type of structure, although its 
initial cost is relatively high. In soft unstable ground it must be sup- 
ported on piles preferabl}’' also of reinforced concrete, though wood 
piling may be used if the piles are cut off below the level of lower low 
water to avoid attack by marine borers. 

Wood structures decay at the water Hne, and in some exposures 
are rapidly destroyed by marine borers unless heavily creosoted by 
pressure impregnation. Large drainage structures may be con- 
structed of untreated wood if there is no danger of destruction or 
damage by Teredo or Limnoria. If marine borers are present, creo- 
soted timber must be used or, better still, metal and concrete. Small 
drainage structures may also be constructed of wood, subject to the 
foregoing precaution, but for openings requiring a three foot di- 
ameter or less it is our experience that the all-metal automatic tide 
gate, such as the Calco model No. 100 automatic drainage gate, is 
the most satisfactory and economical. The life of wood structures 
not made of creosoted lumber will be materially lengthened by giv- 
ing them a good coating of creosote paint. We have found Colum- 
bian Wood Preservative very satisfactory for this purpose and eco- 
nomical. As a first coat, it should be warmed and then cut with fifty 
per cent of distillate. All wood surfaces in contact with wood should 
be given a heavy coat of undiluted preservative before joining, 

Metal hinges on wood flap gates are never satisfactory. Such gates 
should be suspended on galvanized wrought iron pipe, one and one- 
half to two and one-half inches in diameter, by galvanized wrought 
iron or bronze U-bolts. Galvanized steel pipe and bolts can be used 
but they will require more frequent replacement. On wood struc- 
tures, nails should be galvanized and then dipped in creosote or as- 
phalt paint just before driving. Use the heaviest nails that the wood 
will take without splitting. 

CGncrete, unless it is carefully proportioned for maximum density 
and thoroughly compacted in placing, tends to disintegrate on ex- 
posure to salt wuter. High frequency vibratory tampers are advised 
in placing concrete exposed to sea water. 

Pure iron culverts, such as Armco iron, should not be used of a 
thickness less than twelve gauge on salt-marsh exposures. For sizes 
twenty-four inches or larger, ten or eight gauge should be used. 
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Metal culverts and gates should not be installed in sea water or brack- 
ish water near a sewer outlet, as the combination of salt water and 
sewage rapidly destroys metal structures, even attacking cast iron, 

Metal culverts with automatic drainage gates or with slide head- 
gates should be installed in accordance with the instructions given in 
Handhoolc of Culvert and Drainage Practice, published by the 
Armco Culvert Manufacturers Association. This handbook has 
much valuable information for drainage engineers. It is especially 
well provided with diagrams useful in computations of run-off. 

Except cast iron, practically all materials exposed to salt-marsh 
conditions are subject to disintegration and decay. Cast iron is but 
little affected and appears to last almost indefinitely, unless dam- 
aged by sudden sharp blows, either accidental or malicious. Plain 
steel corrodes and rusts very rapidly, and even the alloy steels are 
attacked. Pure iron, if well galvanized and then given a good asphalt 
hot dip, lasts fairly well; and the new type of so-called asbestos 
bonded metal pipe should withstand corrosion better than iron pipe 
with ordinary coatings. 

Usually the type of structure is to some extent controlled by tlie 
permissible depth of water behind the protecting d 3 ^ke. If we assume, 
for illustration, that twenty-one square feet area of outlet is required 
to pass the maximum expected run-off and a rise of three feet in the 
water level behind the dyke is the greatest permissible rise, then a 
single drainage gate of five and one-half feet diameter would not 
meet both requirements, though three gates each three feet in diame- 
ter would meet both requirements. 

In computing the amount of run-off to be taken care of and the 
sizes of drainage gates necessary, too great refinement in mathemati- 
cal computation should be avoided. The rational method of comput- 
ing run-off is preferred over the various run-off formulae. This is 
described in the Handbook of Drainage and Culvert Practice, and is 
set forth in detail in Metcalf and Eddy’s Modern Sewerage Practice, 
Vol. 1, Design of Sewers (Sd ed., New York, McGraw-Hill Book 
Co., 19^8). Run-off formulae may be used, if desired, as a rough 
check on the quantities of water computed by the rational method. 

In using the rational method of computing run-off, rainfall data 
for the region should be obtained and the maximum probable rate of 
precipitation determined. With this maximum rate of precipitation 
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Figure 4<3. Large drainage gates set in concrete channel to pass flood water. 
Entrance vortex to twenty-one inch culvert removing residual 
water is seen at left 
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Figure 44. Corrugated metal culvert (thirty-six inch diameter) being con 
structed within wooden bulkheads, before being filled with earth 
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as a guide, the maximum run-off can be computed, using a reasonable 
run-off factor according to the character of the country. 

On many marshes only the precipitation on the marsh itself or a 
small adjacent area needs to be provided for. In that case the outlet 
structures will be simple and of comparatively small size. It is not 
necessary to drain off all pi*ecipitation in one day under conditions 
obtaining in temperate climates. It is sufficient to get it all removed 
within a few days, provided the period in which the water is being re- 
moved is less than the time interval between egg hatching and adult 
emergence. Under tropical conditions with a rainy season, provision 
must be made to drain away all run-off water under the local condi- 
tions of rainfall frequency. For example, if the rainfall records show 
that two inches of rain per day can be expected to fall for four suc- 
cessive days, the outlets must be able to take care of the run-off re- 
sulting from eight inches of rainfall in four days, and to remove it 
all in not more than one or two additional days. 

If a flood flow from adjacent high lands with an extensive drain- 
age area debouches upon and spreads over a marsh which has been 
reclaimed by dykes and tide gates, it may be best to separate the flood 
outlet and mosquito drainage functions. The floods will have to be 
passed through large-area flood gates, which may be set at a higher 
sill elevation than necessary for mosquito drainage. A comparatively 
small culvert and tide gate set at the elevation of lower low water will 
then be sufficient to remove the residual water after the flood has 
passed through the flood gates. 

It is difficult to keep large flood gates tight against leakage at 
high tide, whereas the smaller gates, particularly the circular metal 
gates tw^enty-four inches or less in diameter, leak very little unless 
some floating debris becomes lodged between the flap and its seat. 
The flood gates should therefore be set at as high an elevation of the 
bottom sill as can be permitted and the smaller mosquito drainage 
gates can be set at as low an elevation as is necessary to remove the 
residual water. In climates with little or no rainfall during the mos- 
quito breeding season, the flood gates can be bolted tight or packed 
to prevent leakage during the dry season and unbolted or their pack- 
ing removed during the rainy season. 

A good deal of judgment and ingenuity will have to be exercised 
to get the best combination of flood gates and mosquito drainage 



gates under some conditions. The physical characteristics of each 
marsh should be carefully studied before deciding on the design of 
the outlet structures andj as previously indicated, their design should 
be based on good judgment rather than on refined mathematical com- 
putations. For example, a twenty-four inch culvert with tide gate is 
usually ample in size to remove residual water from 1000 acres of 
marsh after the flood water has passed through flood gates whose sill 
elevation is two feet higher than the invert of the culvert. 

The type of tide to some extent controls the amount of time each 
day during which outflow from the marsh may Pccur, With a diurnal 
or semi-diurnal type of tide there may be nearly twelve hours in each 
day during which the outside water level is below the mean elevation 
of the marsh, and outflow is possible. With mixed type tides there 
may be periods of several days in which higher low water is but little 
below the mean elevation of the marsh, so that the only effective out- 
flow is limited to a period of about five hours per day near the period 
of lower low water. These times of effective outflow, and the relative 
water levels at these times, must be taken into consideration in com- 
puting the areas of flood gates and mosquito drainage gates. 

It is very undesirable to attempt to locate an outlet structure on 
an exposed shore either on a bay or the ocean as waves and wind 
combine to block them with silt or sand. Outlets should preferably be 
located on large natural sloughs near the point where they empty 
into the bay or ocean. In such locations any danger of silting is mini- 
mized. However, when any considerable area of marsh is cut off from 
tidal flow by dykes, there is an important reduction in the volume of 
tidal prism passing up and down such natural sloughs on each tide. 
This reduction in the volume of the tidal prism will cause more or 
less silting of the slough which must be taken account of. It may be 
possible to control the silting of the slough by narrowing the chan- 
nel to maintain depth. A few low wing walls of three by eight inch 
tongue-and-groove sheet piling will often accomplish this purpose. 
In other cases the slough may silt up somewhat each summer, but 
scour out in the spring when flood run-offs occur. In a few cases, it 
may be necessary to dredge the outlet channel every few" years in or- 
der to maintain a sufficient depth for drainage. 

Dykes exposed to the action of wind and wave along bay and 
ocean fronts are very apt to be breached in certain places. Several 
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niethods may be used to prevent this. Wing walls of piles and heavy 
timber sheeting set at inght angles to the line of the dyke can be used 
to deflect currents nearly parallel to the shore and to break up wave 
action unless the prevailing winds are dead on to the dyke. Kip rap- 
ping with large stone or pieces of broken concrete pavement or side- 
walk may also be used if available. 

One of the cheapest forms of riprap for dykes is wrecked or 
scrapped automobile bodies. These are usually obtainable at wreck- 
ing yards in any large city, at no other cost than the haulage. They 
can be scattered along the exposed face and toe of the dyke. Where 
the erosion is severe, they must be closely packed and should extend 
ten to twenty feet or even more beyond the toe of the dyke. These 
automobile bodies perform two functions ; they tend to break up waves 
before striking the dyke material, and to hold sand and silt and so 
build up the shore line. They will eventually rust away, thin sheets 
rotting out in a few years, but can be replaced cheaply. 

Especially severe exposures, which cannot be protected adequately 
by wing walls or riprap, should be handled as an engineering prob- 
lem under technical advice. In general, from a mosquito abatement 
viewpoint, it would seem inadvisable to attempt to use dykes in such 
circumstances^ as open marsh drainage will usually be much cheaper 
in both construction and maintenance cost and equally effective. 

It may be necessary in some cases to keep the length of the outlet 
through a dyke within rather short limits ; in other cases, for example 
through dykes with very flat side slopes, a long culvert through the 
entire bottom width of the dyke may be relative^ expensive. Either 
condition may be met by a short culvert with bulkheads or head walls 
at either end. Head walls may be less in height than the dyke, are 
usually constructed of concrete, and are supported on piles if the 
ground is soft or unstable. Bulkheads are of approximately the same 
height of the dyke and are tied together by steel rods or twisted cable 
to take the thrust of the earth fill between the faces. A long bulkhead 
may need additional support or stiffening by ordinary piles driven 
at intervals along each face. Wood bulkheads are usually built with 
heavy sheet piling, supported by heavy waters to which the tie rods or 
cables are attached. 

Under some conditions floating debris may cause considerable 
trouble by getting under the gate seats and causing leakage. Also 
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gates near roads or otherwise accessible may be tampered with by 
vandals or inquisitive visitors. To prevent this, it may be desirable to 
install heavy protecting screens at the ends of the culvert, especially 
at the gate end. Such screens may be made of heavy wires (four 
gauge) welded to angle iron frames and set in heavy wooden support- 
ing walls which cannot be easily broken. The screen frames should be 
removable, but should be protected against unauthorized removal by 
means of a protective upper stringer or planking bolted to the struc- 
ture so that the screen cannot be tampered with easily. 

Excavating machinery 

The same general types of excavating machinery may be used for 
salt-marsh drainage as for fresh-water swamp drainage. (See chap- 
ter viii.) 

For construction of new drains the power crane with a drag-line 
bucket is generally the most useful equipment and it can usually be 
used also for dyke construction, though in general a clamshell bucket 
is more efficient for the latter. For drain maintenance the clamshell 
bucket is more effective. For greatest flexibility of operation a power 
crane should have particularly wide crawler treads and interchange- 
able clamshell and drag-line buckets. As a rule, a floating barge 
with clamshell bucket is best adapted to dyke construction on salt 
marsh. After the dyke is constructed and the drainage gates installed, 
the drain ditches mav be excavated with a crawler-mounted draj 2 :-line, 
working on wood mats. These mats usually consist of three layers of 
diagonally placed three-by-eight inch planks, or heavier timber for 
the largest equipment, heavily spiked or bolted together. The mats 
will run about six to ten feet in width and from fifteen to twent37’-five 
feet in length, depending on the size and weight of the equipment and 
the softness of the ground. Each end of each mat has a loop of steel 
cable by means of which the mat can be picked up by the crane and 
dragged forward as the machine progresses. 

Brain ditches cannot be excavated in soft salt marshes by tractors 
and plows as the ground will not support the tractor. After such a 
marsh has been at least partially drained and dried out by the major 
drain ditches, tractors and plo^vs may be used in many cases for 
constructing the minor ditches. However, certain areas may remain 
too soft for machinery, and the minor ditches in such ground must 
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be dug by Imnd. Frequently such ditching can be done during the 
winter by skilled laboieis who have become useful to the organization 
but who would otherwise be laid off . 

Maintenance OF DBAiNs 

The same geneial principles of maintenance of drain ditches as 
were set forth in CHAPrEB viii for fresh-water drainage are appli- 
cable to salt-marsh drainage. Burning of marsh vegetation has also 

been discussed in that chapter. 

CONTROLLED REFLOODING 

A relatively new method of mosquito control which has great prom- 
ise of usefulness is a controlled flooding and reflooding of mosquito- 
producing marshes. It is a peculiarity of many of the salt-marsh Aedes 
mosquitoes, and of many fresh-water Aedes also, that all eggs do not 
hatch on any one wetting, and that some eggs do not hatch until there 
have been many successive wettings and dryings. It is therefore theo- 
retically possible ultimately to hatch out all mosquito eggs in a sec- 
tion of reclaimed marsh by flooding the marsh at the monthly high 
tide, holding the water on the marsh for several days until a crop of 
larvae appears, and then draining the marsh rapidly before the larvae 
can develop into adults. The marsh is then allowed to remain dry until 
a subsequent monthly high tide when the process is repeated. As no 
adults have emerged, no new eggs are deposited. By successive wet- 
tings and dryings all eggs should be hatched eventually without any 
additions of new eggs. 

F. W. Rush,^ superintendent of the Solano County (California) 
Mosquito Abatement District, by successive floodings and drainings 
practically eliminated Aedes dorsalis breeding on thousands of acres 
of marsh on Suisun Bay, so that these marshes can be flooded or dried 
out at the will of the owner without hatching any appreciable num- 
bers of mosquitoes. From seven to ten successive floodings and drain- 
ings were necessar}’' to accomplish a practical elimination of hatcbable 
eggs. His experience was probably the most extensive and successful 
with this method of control but we have had success with it on certain 
marshes on San Francisco Bay. We have also found that repeated oil- 
ing (which killed the larvae and prevented the deposit of new eggs) 
practically eliminated within about six years all mosquito hatching on 
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salt marshes behind dykes which had inadequate drainage structures 
and were subject to flooding in winter. 

A modification of the method of controlled reflooding and redrain- 
ing has been used by the Matadero Mosquito Abatement District" 
near Palo Alto, California. This is a form of flood control on dyked 
marshes subject to inundation from rain water run-off from the adja- 
cent terrain. In this method the flood water is held up to a level suffi- 
cient to give boating depth throughout the marsh, and maintained at 
that level, as nearly as possible, by operation of the outlet gates. 
Bocks are constructed at convenient points accessible by truck, at 
which the boat can be loaded. The entire area is then oiled by a power 
sprayer mounted in the boat. 

This modification is applicable where the available hydraulic 
grades are insufficient to remove the flood water completely, so that 
considerable areas of residual water are left after the flood waters 
subside, into which the mosquito larvae would concentrate and be diffi- 
cult to get at. By raising the water level and maintaining a high level, 
the larvae are more vulnerable to attack by boat-transported power 
sprayers. The overall cost of this method should be compared with the 
overall cost of pumping out the residual water by the use of portable 
pumps, to determine its relative economy. 

The rapidity with which controlled reflooding can be carried out 
depends upon the availability of large volumes of water for flooding. 
With tidal water available the control cycle may be completed within 
one or two years; where rainfall is required for flooding it will de- 
pend on the caprice of the weather. 

Successful use of the method also depends upon adequate struc- 
tures for the rapid removal of water after it has remained on the 
ground long enough (two or three days) to hatch out all the eggs 
which will hatch on that wetting. The entire amount of retained water 
then must be removed within two or three days and the larvae swept 
out into open water where thej’^ will perish, be eaten by natural ene- 
mies, or prevented by rough water from emerging as adult mosquitoes. 
It is advisable, if not essential, to oil any residual water which con- 
tains larvae or pupae after the redraining has been finished. 

After a marsh has been cleaned of eggs by this method, it is still 
necessary to keep it under observation so that a reinfestation will 
not be built up by the escape of adult mosquitoes in small residual 
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areas on that marsh, or by reseeding from adults hatched on near-by 
marshes. 

We believe that this method of control is deserving of far wider 
application than it has had, and that it will effect appreciable econo- 
mies in mosquito control. It should also be possible to make use of this 
method for the control and eventual elimination of flood water spe- 
cies, such as Aedes vexans^ by various modifications according to the 
species of mosquito and the type of terrain involved. 

It is interesting to note that some Aedes eggs are capable of sur- 
viving in a dry state for a considerable length of time. N. M. Stover, 
superintendent of the Three-Cities Mosquito Abatement District 
(San Mateo County, California) , reported to us the case of a marsh, 
in a controlled area, which had been dry for about ten years and was 
then accidentally flooded. Thereupon the output of Aedes dorsalis w&s 
as large as normal. 

The process of hatching Aedes eggs has been elucidated by Gjuflin,*’ 
Reeves,’’^ and others. Apparently a reduction in the dissolved oxygen 
content of the water in which the eggs are immersed is the actual 
hatching stimulus, and mere wetting does not cause hatching. This 
explains the sudden hatching of eggs of flood water Aedes species, 
such as Aedes vexans and Aedes lateralis^ in a few days after the floods 
have subsided. The decomposition of the accumulated vegetable mat- 
ter in the residual pools lowers the dissolved oxygen content of the 
pool water, causing hatching. This hatching will not occur in water of 
high oxygen content during flood stages of the river. 


CONSTANT LEVEL FLOODING WITH CIBCULA TION 
Under certain conditions it is desirable or necessary to keep a 
marsh flooded, for example, if the marsh is a duck club preserve. 
Reasonably satisfactory mosquito abatement can be maintained if the 
following requirements are met : 

1. The water level is maintained at a constant elevation ; 

2. The marsh is kept well stocked with 6rom6zi^io or other larvicidal fish ; 

3. The fish have access to all parts of the marsh ; 

4. The water is kept in circulation. 


These requirements can be naet by enGlosing the area within a dyke 
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and furnishing a sufficient supply of water in any one of several ways. 
Fresh-water ponds can be kept fresh either by a diversion from a 
stream, or by pumping from a well In either case there must be an 
excess of inflow water over the evaporation and percolation losses; 
otherwise in time the saline content of the pond water will increase 
until it is quite brackish or even salty. 

Ponds on tide water can obtain circulation by holding the water 
height at about mean tide elevation by means of weirs at the inlet and 
outlet structures. An inlet structure, consisting of a weir and a cul- 
vert with automatic tide gate, reversed so as to permit inflow at high 
tide but no outflow at low tide, should be installed at a point on the 
dyke furthest upstream with relation to the tidal flow. The outlet 
structure, also consisting of a weir, a culvert through the dyke, and 
an automatic tide gate, should be installed at approximately the op- 
posite end or side of the marsh, nearest to the downstream side with 
reference to the tidal flow. The outlet tide gate should permit the 
discharge of surplus water at low tide, while preventing inflow at 
high tide. 

The marsh area should then be adequately ditched so that fish can 
have access to all parts of the flooded area. There must be no isolated 
areas into which the fish cannot readily penetrate. The inlet and out- 
let structures must also be provided with well-built screens (quarter- 
inch mesh), which should preferably be in duplicate on removable 
frames so that they can be easily removed for inspection and repair. 
The flooded area should then be stocked with Gambusia afinis or other 
larvicidal fish. If the water is brackish or salt, Gambusia wMeh, have 
been adapted to brackish water should be planted if they are obtain- 
able. 

On the first flooding of such an area either larvicide or oil should be 
used to abate the first (and usually very large) hatching of mosquito 
larvae. Thereafter the constant level of the water, plus the activities of 
the fish, should prevent further development of mosquitoes. 

The success of this type of mosquito control depends on keeping 
the inlet and outlet structures and their screens in sood working or- 
der, the area well stocked with or other equally effective 

larvicidal fish, and the marsh in such condition that the fish always 
have free access to all parts of the flooded area. 


SALT-WATER MARSHES 187 

BIBLIOGRAPHY 

1. Rude, G. T. Tides and their engineering aspects. Tr. Am. Soc. C. E., 92: 

606-716,1928. 

2. Smith, J. B. The New Jersey salt marsh audits improyement. New 

Jersey Agr. Exp. Sta. Bulletin 207, Noyember 14, 1907. 

8. Connecticut Agr. Exp. Sta. Bulletin 173, July, 1912. 

4. Rush, F. W. Reflooding and redraining salt marshes for mosquito control. 

Pro. 9th Ann. Conf. Mosq. Abt. OflScials in Calif., 1938, pp. 60-62. 

6. Mapes, G. W. A method of abating salt marsh mosquitoes. Mosquito 
News, 8 ; 23-30, March, 1943. 

6. Gjullin, C. M., Hegarty, C. P., and Bollen, W. B. The necessity of a low 

oxygen content for the hatching of Aedes mosquito eggs. Jour. Cell, and 
Comp. Physiol., 17:193-202, April, 1941. 

7. Reeves, W. C. Research with Aedes varipalpus (Coq.), the Pacific Coast 

tree-hole mosquito. Pro. 11th Ann. Conf. Calif. Mosq. Control Assn., 
1940, pp. 39-43. 





FILLING, PUMPING, AND FLUSHING 

In addition to naturalistic methods and control by drainage, there 
are three abatement measures of first importance, directed against the 
production of mosquitoes: 1) filling or 2) pumping out wet areas, 
and 3) flushing small streams or channels. 

Filling SMADL WET AREAS 

In any mosquito abatement project there will always be found cer- 
tain low wet areas which cannot be economically drained by ditches 
or because of lack of elevation cannot be drained at all. Usually these 
areas are comparatively small ; many are simply small holes of a few 
hundred square feet. Obviously it would be highly expensive to dig 
several hundred feet of deep ditch to drain an isolated hole of, say, 
fifty square feet. The interest on the cost of such a ditch might easily 
exceed the annual cost of oiling the hole. However, oiling is a proce- 
dure which should be avoided whenever reasonably possible and so 
some other means should be used to handle such cases. 

If the hole or pond is permanently filled with clean water, it may 
be stocked with landcidal fish. But frequently such holes become foul 
or unsuited to fish life and with the disappearance of the fish may 
breed mosquitoes. 

The best and most satisfactory method of handling such areas is 
to cure them permanently by filling in level with the surrounding 
terrain. If the hole is small this may be done by hand shoveling; 
holes of intermediate size may be filled with a horse-drawn scraper if 
there is a high spot close by from which fill can be obtained. 

In some cases it may be necessary to haul fill material, but in those 
cases the cost will mount, possibly to an excessive expense. However, 
in the vicinity of cities, especially during an active construction sea- 
son, free fill may be obtained if the haul is not too long by arranging 
with building contractors to dump excavated material in the areas to 
be filled. Low areas in or near cities can, also, sometimes be filled with 
rubbish, street sweepings, and the like. In such cases earth should be 
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used as the final cover, as a rubbish fill may have numerous voids con- 
taining water. 

In consti'ucting drainage ditches with power equipment, it will 
usually be found possible to fill low areas close by the ditch with the 
material excavated at no additional expense. This should always be 
kept in mind and carried out. 

Sanitary PILL' 

Municipal garbage and refuse have been used successfully by vari- 
ous cities as a fill material for breeding marshes. The elimination of 
mosquito breeding is in such cases a by-product of a garbage dis- 
posal method, usually described as a sanitary fill, or the fill and cover 
method. The garbage fills are covered with a layer of earth so as to 
reduce the fly and rat nuisance which would be extreme if the garbage 
were not well and promptly covered. The city of Berkeley, Cali- 
fornia, has for a number of 3 ^ears used the sanitary fill as a garbage 
disposal method, and in doing so has reclaimed more than thirty-five 
acres of mosquito breeding marsh along the waterfront. 

Hydraulic pill 

The most permanent fill for salt marshes is that made by hydrau- 
lic dredges, but the cost is usually prohibitive. The dredges suck 
mud and sand from the bottom of the adjacent bay and pump the 
mud and water mixture through a pipe to a discharge point on the 
marsh. The discharge j)omt is shifted from time to time to keep the 
fill near the desired surface elevation. The water may or may' not be 
retained by a low dyke to settle out fine mud. 

At fifteen cents per cubic yard, which is about as low as medium 
size projects are likely to be priced for average ground in normal 
times, such fill would cost about $TO0 per acre for three feet depth 
of fill. With very soft mud the price may run as low as eight cents 
per cubic yard. But even at this price the cost is unjustifiable for 
mosquito abatement. However, when harbor or cbaniiel improvements 
are being made by hydraulic dredging and areas are needed for the 
disposal of the excavated mud, it may be possible to arrange with the 
dredging contractor and with the owners of adjacent marshes to have 
the excavated mud deposited on the breeding marshes without cost to 
the district or at a price not exceeding the annual cost of main- 


190 MOSQUITO CONTROL 

tenance of drainage for that marsh, capitalized at the prevailing rate 
of interest. 

Pumping: 

Pumping becomes necessary under several conditions on reclama- 
tion or drainage projects. The first, obviously, is when the general 
land level of the drained area is at or below the low water level of the 
adjacent river or bay. The second is when a drained area, especially 
in peat or muck soils, has shrunk or subsided below the adjacent 
water level. Other cases may also occur in which the capitalized an- 
imal cost of pumping is less than the construction cost plus capi- 
talized maintenance cost on an expensive outlet drain ditch. 

Major pumping projects are matters which should be in charge of 
hydraulic engineers skilled in the field of drainage pumping. Special 
types of pumps for large quantities of water at low heads have been 
designed, which are best adapted to reclamation projects, but so many 
variables enter into the problem that engineering talent in that par- 
ticular field should be called upon for advice. 

Portable PUMPS 

Aside from projects which involve the installation of a fixed pump- 
ing plant, cases may occur where portable pumping units will be use- 
ful. For example, a low area which is filled only by winter or spring 
rains and for which an expensive drainage ditch would otherwise be 
required can be handled economically by pumping after the spring 
rains. Other cases are low areas temporarily filled by accidental water, 
such as water from a broken water main or the backing up of a 
clogged sewer. In cities, also, when underground street vaults of the 
various public utilities, especially the telephone company, fill up with 
water, a portable pump can be used; and in rural districts, when 
water accumulates behind highway and railroad culverts placed at too 
high an elevation. 

Three general types of portable pumps are available : 

1. A small pump operated by a gasoline motor and portable by two men 

2. A small centrifugal pump mounted on the front of the auto truck, 
and driven direct by the truck’s engine 

3. A larger type of pump (up to six or more inches diameter discharge) 
moimted on a trailer. 



Figure 45. Portable centrifugal pump (three inch diameter discharge) 
driven by gasoline engine. It is useful in pumping out 
low areas which do not drain readily 








Photograph by J. A. LePrince 


Figure 47. A gate to impound 
water for flushing a ditch 


Photograph by J. A. LePrince 


Figure 48. Removal and de- 
struction of mosquito larvae and 
matted algae in a ditch by- 
flushing 


1 
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! The best type of portable punip ean only be determined by study- 
i requirements of a particular project. On some projects a 

fairly large pump may be needed; on others a small pump will be 
adequate. Again, on some projects the pump, mounted on a truclt or 
a trailer, can be hauled to the areas which need to be pumped out; 
on other projects the points at which pumping is required are acces- 
sible only on foot. 

We have had fair success with a two inch centrifugal pump di- 
j rectly connected to a two cyKnder two-cycle outboard type gasoline 
engine. It pumps about 10,000 gallons per hour against a five foot 
head. Outside of the natural “cussedness” of a two-cycle engine, it 
has been reasonably satisfactory over a wide range of conditions. Care 
must be taken to keep fine debris in the marsh water from clogging 
the foot-valve strainer, and especially the strainer on the pipe to the 
water-jackets on the engine cylinders; or an expensive repam bill 
may result. This pump, with ten feet of two and one-half inch suction 
hose and seventy feet of two inch discharge hose, and fittings, cost (in 
19SS) $181. It is easily carried hy two men. 

We have had better success with a three inch contractor’s type 
pump, or trash pump, which does not clog easily, is self-priming, 
and, as the engine is air-cooled, avoids trouble from the clogging of 
strainers on the water-cooling system. The four-cycle gasoline engine 
is also a decided advantage over the two-cycle. This pump, mounted 
on a frame with two pneumatic tire wheelsj can be handled by two 
men even over rough ground without too much difficulty, and on soft 
marsh can be moved by laying wood planks for a runway. It cost (in 
1988) $440 complete with suction and discharge piping. 

Contractors’ pumps can be obtained in a considerable range of 
makes, sizes, and capacities, with both gasoline engine and electric 
drive and with several types of mounting for convenience in moving 
about according to the requirements of a construction job. The 
smaller pumps may be mounted either on skids or on a frame with 
two wheels. Pumps five inches or larger in size (the size rating is the 
diameter of the discharge pipe) are usually mounted on four-wheel 
trailers. 

Manufacturers give tables showing the capacity of pumps for 
various heads (in feet) against which the water is to be pumped, and 
on request will give information concerning gasoline consumption or 
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wattage at diiferent heads and capacities. The three inch pump we 
are using at present uses about three-fourths gallon of gasoline per 
hour, pumping about 22,000 gallons per hour against a head of about 
twenty feet. 

Because the water to be pumped may contain a large amount of 
mud and trash, portable contractors’ pumps have impellers with rela- 
tively wide passages and are ruggedly built to withstand hard use and 
even abuse, a factor wliich is more important for this type of service 
than high hydraulic efficiency. 

The United States Public Health Service^ in 194S drained a marsh 
near Macon, Georgia, where gravity drainage was impossible, by 
means of a two-inch portable centrifugal pump. Approximately three 
acres were unwatered in eight hours. The benefits were a 95 per cent 
reduction in inspection time, and the practical elimination of a major 
breeding place of Anopheles quadrimaculatus. Prior to pumping, an 
average of twenty-seven pounds of mixed dust (about two and one- 
half pounds of Paris green) and six man-hours were required for larvi- 
ciding: after pumping, less than one pound of dust and only a few 
minutes of time were required for each inspection. 

Flushing SMALL STREAMS 

Under some conditions the intermittent discharge of relatively 
large volumes of water (flushing) is a useful and successful method 
for the control of mosquito breeding in minor streams and channels. 
Some vectors of malaria are typical stream breeders, such m Anophe- 
les Tmculatus in Malaya. The larvae of this species are equipped with 
special hooks which enable them to hold on to the sides and bottom of 
running streams. This species, and also Anopheles mmimus and 
Anopheles flueiatilis, which breed in running water, as well as such 
species as Anopheles superpictus, Anopheles cuUcifacies, CuUseta in- 
cidens, and other species which typically breed in stream-bed pools, 
can be either stranded, or destroyed by the wall of water developed by 
the flush, or transported beyond the limits of the protected zone, or 
carried into a lower stream section unsuited to their development or 
containing their natural enemies. 

In many cases the simple act of transporting the larvae by the 
flush beyond and outside the protected area suffices for local disease 




Figure 49. A wooden tilting 
bucket, counterweighted, for au- 
tomatic flushing of small streams. 
Bucket in raised position, accu- 
mulating flush water behind dam 


Courtesy Sir Malcolm Watson 


re 50. A wooden tilting 
bucket, counterweighted, for au- 
flushing of small streams. 
Bucket in lowered position, dis- 
charging flush w'ater 




Figure S2, A small earth dam with oil-drum culvert outlet and 
hand-operated wooden gate, for stream flushing 


Figure 51. A concixte dam with de- 
Villiers type siphon, discharging 
water automatically to flush a drain 


Courtesy Sir Malcolm Watson 
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control, even if the larvae are not killed. If simple transportation of 
larvae outside a protected Zone is all that is necessary, the volume of 
the flush need not be great provided it gives sufficient variation in 
the stream flow to flush out all pools and eddies. The variation in 
flow above the flushing structure also appears to have a marked ef- 
fect in reducing mosquito breeding. The destruction of larvae caused 
by the flush is not well understood but may be the result of the dy- 
namic effect of the water disrupting their bodies, or perhaps the re- 
sult of battering them against solid objects in the stream bed. In many 
situations stranding of the larvae above the normal flow level may be 
an important factor in their destruction. 

Flushing devices may be operated either manually or automati- 
cally ; where practicable, automatic flushing is preferable. Essentially, 
a flushing device consists of a dam or weir across the stream, to ac- 
cumulate a relatively large amount of the flow during a period of a 
few hours or days, plus a discharge gate or apparatus which can very 
rapidly discharge the accumulated water in a large volume traveling 
down the stream at high velocity. After discharge the device must be 
closed by hand, or must automatically reset itself, so as to begin the 
accumulation of water for the next flush. The quantity and rate of 
flush should be regulated so as not to cause property damage along 
the stream or channel. Signs should be posted to warn persons passing 
along the stream. The steeper the gradient of the stream bed and the 
larger the volume of flushing water, the further downstream will be 
the distance this control measure will be effective. 

The quantity stored above the dam, and the rate of discharge, 
should also be so regulated on streams or channels in alluvial or other 
erodible soils that the flush does not exceed the quantity carried by 
the stream under normal flood conditions. The purpose here is to avoid 
excessive erosion of stream banks. 

If an automatic flushing device is used, it is desirable to place in 
the dam a manually operated sluice gate, which may be used for three 
purposes : 1) to flush out silt and gravel accumulations abovr the 
damj which may reduce the available storage quantity or even inter 
fere with the operation of automatic discharge devices ; 2) to ps ss at 
least a part of the excess flow during floods ; 3) to discharge what 
water is available above the dam at times of very low flows when in- 
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sufficient water accumulates to operate the automatic devices on a 
sufficiently frequent schedule. 

If the dam is of permanent construction, care should be taken to 
provide an overflow spillway, either over the entire length of the dam 
or over a sufficient length to pass any probable expected flood flow 
safely. The overflow section should be so designed as to prevent exces- 
sive erosion at the toe of the dam, which might undercut it and thus 
cause its destruction. 

Under some conditions it raay be wise to build temporary earth dams 
with simple discharge devices, which will operate during the dry sea- 
son but be washed out during the rainy season. In parts of Malaya 
and India such simple dams (Figure 52 ) , using fifty-five-gallon steel 
barrels with both heads cut out as the culvert and with a wood gate, 
have been cheaply installed. The barrels and gate are attached by a 
wire to a tree on the bank, and so are recovered when the floods come 
in the monsoon. 

Probably the simplest automatic flushing device is the counter- 
weighted tipping bucket (Figures and 50) . It can be made cheaply 
of lumber, and at more cost but more neatly of sheet metal. In this 
device, when the water rises high enough on the slanting apron of the 
bucket, the weight of water overbalances the counterweight, the 
bucket is forced down, rotating on its hinges, and the dynamic effect 
of the discharge holds it down until the discharge is nearly complete. 
Thereupon the upward pull of the counterweight overcomes the ve- 
locity pressure of the flowing water, the bucket is raised, and the ac- 
cumulation of water begins again. 

The width and vnter depth in the sluice channel and tilting bucket 
will determine the rate of discharge of this device. We do not know 
of any measurements of discharge on this device, but would expect a 
bucket two feet wide, with a two-foot initial water depth, to discharge 
at an initial rate of about fifteen cubic feet per second. 

The type of automatically operating flushing device most fre- 
quently used is based on the siphon principle. Williamson^ and de- 
Villiers® have developed such devices very effectively on the hill 
streams of Malaya and have devised structures which can be con- 
structed quite cheaply. Somewhat similar devices have also been used 
in the Philippine Islands.^ Such siphons can be improvised out of a 



am bed two leet wide on a very flat slope for from one- 
quarters of a mile in distance. 

I Subrahmanyam® experimented further with precast or 
siphonSj which in completed units were three feet nine 
y four feet three inches high, and at two and one-half 
diarged about three and one-half cubic feet per second 
3t of opening. They also experimented with an improved 
e of siphon, cast in place on the site, and incorporating 



, found that siphons of 
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about four times the discharge capacity of the Macdonald type si- 
phons were better adapted to their conditions. They also found it nec- 
essary to control by oiling the breeding which occurred in the reser- 
voir above the dam. The following equations for estimating the quan- 
tity and rates of flush required for a stream bed are based on their 
findings: 

Let Q = rate of flushing in stream bed in cubic feet per 
second 

W = width of stream bed in feet 
D = depth of flow (average) in feet 
V = velocity of flow_, in feet per second, required to 
control mosquito breeding 

C = average rate of discharge of one siphon in cubic 
feet per second 
M = number of siphons 

K = available qxiantity, in cubic feet, of water stored 
in reservoir above the dam 
T = total time of flush 

. ThenQ=..WDV 

Q = CM ■ 

K _ -K ' : 

“ Q.:** CM ' 

Note: 1 cubic foot per second = 448 U.S. gallons per minute 

= 374< imperial gallons per minute 
1 cubic foot = 7,48 U.S. gallons 

= 6.23 imperial gallons 
1 imperial gallon = 1.2 U.S. gallons 

The velocity of flow, V, in the stream bed will depend on the aver- 
age longitudinal slope of the stream bed and its roughness, as pri- 
mary factors, and also upon the quantity of flush and the shape of 
the cross-section of the stream bed. In general Ramsay and Anderson 
found a velocity of one mile per hour (88 feet per minute, or 1. 4**7 
feet per second) to be the minimum effective rate of flush; higher 
velocities probably will be found to be more effective. 

In computing the velocities of flow in a stream bed channel, the 
simpler Manning formula is to be preferred to other more complex 
formulae. It is : 
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where 

K = hydraulic radius of the cross'^section of flowing water in the 

stream bed, which is the cross-sectional area of flow. A, in square 
feet, divided by the wetted perimeter, in feet, of the cross-sec- 
tional area of flow 

S = the longitudinal slope of the stream bed (drop in elevation, in 
feet, divided by the length, in feet) 

N = a coefficient of roughness, which for natural streams will range 
from about 0.030 for straight reaches with smooth sides and bot- 
tom, through about 0.0S5 for stony and gravelly bottoms, to as 
much as 0.1 SO for shallow streams with irregular bottoms and 
sides badly overgrown with brush and vegetation. 

Legwen and Howard® have developed an automatic siphon with im- 
proved hydraulic characteristics, reducing the preliminary leakage 
of water during the priming period, and shortening the time required 
to produce full flow through the siphon. In the Legwen-Howard si- 
phon, full flow usually takes place in less than one minute from the 
release of air in the priming vent, and the siphon effectively seals and 
resets itself in readiness for the next cycle. Figures 53, 54, 55, 56, 
and 57, reproduced by permission, give details of design and construc- 
tion of this improved siphon. 

A series of tests run on this type of siphon, fabricated of sheet metal 
and having a water channel cross-section (discharge) area of 108 
square inches, indicated rates of discharge as follows : 

Discharge rate in 

Head in inches gallons per minute 

. 'lO' . ■ '525', ■ ■■ 

■ ■ 15 ■ ■ .■ ■. ■ 650 ; 

'20 . . . ■ ^ . '715 'y 

Recently a precast concrete siphon of the same size, but with im- 
proved streamlining of the interior, and with a one-fourth-inch di- 
ameter sealing vent instead of the regular three-fourths-inch sealing 
vent, has been tested by Legwen, with the following observed rates of 

discharge; DuMirge rate in 

Headinfeet gallons per minute 

1.2 .. . . . . . . . . 1,020 

1.5 .. . . . . / . . .1,180 

1.8 1,310 

2.1 ... . ■. ■ . .■ ■■ '■ 1,460:': 
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Figure 53. Cpmpjarison of Macdonald and 
Legwen-Howard automatic siphons 
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Figure 54 . Diagrammatic representation of operation of 
Legwen-Howard automatic siphon 
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VERTfCAL SECTION 


Vi = Volume of entrapped air at seal- V 3 = Volume of entrapped air at time 
ing time. of discharge. 

Pi = Pressure of entrapped air at seal- P^ ~ Pressure of entrapped air at time 
ing time = atmosphere pressure. of discharge (in Ibs./sq. in.). 

Ai, Ao, A 3 = Cross sectional area of siphon or pipes at designated points, 
h = Head of water upon entrapped ah*, in inches. 

T = Depth of water from sealing line to level in upper limb, in inches. 

. ..433 " ■ ' ■ ■ 

P 2 = P, (h X ~:r;r ) (^vt. of 1 column of water = .433 Ibs./sq. in.) 

P 3 = 14.7' .036h 

14.7Vi 

P.V. = P,V. = 

14.7Vi Vi 

Contraction of air = Vi V 2 = Vi = Vi r 

14.7 -r .036h 1 -i- .0025h 

V 3 = Volume of water displaced by air in lower limb and vent = h(A 2 -4- A,) 

Vi = Volume of air displaced by water in upper limb = V 3 (Vi — V 3 ) = h (Aj -f- 
A3) - (Vi - V3) 

h(A3 -4- A 3 ) -i- (Vi — 

^™h(A 3 -^A 3 )■^(Vl-V 3 )_ 1 .0025h) 


T = V,-^ (Ai) 


D=h-T-T 


hCA^^Aa) -^Vi- 


D = h-^ 


Vi 

1 .0025h 



Figure 55. Formulae and computations for use with 
Legwen-Howard automatic siphons 
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Figure 86. Measurements for several sizes of 
Legweii-Howard automatic siphons 








VERTICAL WEIR 


WEIR wm 

-simm sms 


SIPHON INSTALLATION IN EXtSmS SPILLWAY 
iYERTICALSEGTION^ 


Courtesy National Malaria Society 


Figure 67. Methods of installing Legwen-Howard automatic siphons in 
existing dams or weirs 
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(VERTICAL SECTION) 
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The increase in discharge rates is apparently about 60 per cent, 

Legwen has also (personal communication) modified his siphon to 
work on a minimum head of as little as one inch, by replacing the 
regular priming went with another at a higher elevation connected 
through the cover of the siphon into the throat. In this manner very 
small flows can be used to actuate the siphon without leakage or flow- 
through. He has also used the siphon successfully to fluctuate the 
water level in small impoundments breeding Anopheles quadrimacu- 
latm. 

Cochrane and Newbold® have used an automatic siphon to control 
stream-bed breeding of Anopheles argyritarsus in Grenada, and ap- 
pear to have developed improvements in design which reduce entry 
losses and give a better discharge through the throat of the siphon. 

Automatic flushing devices cannot be depended upon to operate 
continuously and effectively unless they are inspected at reasonably 
frequent intervals, to see that the priming and sealing vents are clear, 
that debris is kept away from the inlet opening, and that the equip- 
ment is not tampered with by curious or malicious persons. 

Besides its use in Malaya, Ceylon, and the Philippine Islands, flush- 
ing has been used successfully in the Netherlands East Indies, Ben- 
gal, and Palestine, and it is being extended to new areas. The earliest 
users of this method were apparently J. A. LePrince^° at Panama and 
Sir Ronald Ross^^ at Ismalia. LePrince used hand operated gates im- 
provised out of waste materials available from construction work. 
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XI 

OILS AND LARVICIDES 


Petroleum OILS and appropriate larvicides are essential but defi- 
nitely auxiliary and emergency means in mosquito control. Their sec- 
ondary place in a well-conducted abatement project has been predi- 
cated in previous chapters and deserves special emphasis in the discus- 
sion here, particularly as their usefulness is so often misunderstood 
or overrated. It is unfortunate that in the minds of so many people 
mosquito abatement has become synonymous with oiling. It is even 
more unfortunate that abatement agencies often resort to oils when 
primary control measures would be not only more effective but in the 
long run less expensive. 

In any use of oils or larvicides the principle should never be for- 
gotten that the primary job of abatement is to eliminate the breeding 
places of mosquitoes or to reduce the number and extent of their 
breeding places as far as possible within reasonable cost. The correct 
use of any oil or larvicide for the destruction of mosquito larvae and 
pupae is to employ it as an adjunct or supplement to the primary 
measures for the elimination of mosquito breeding places ; as a tem- 
porary method pending the installation of primary measures; as an 
emergency measure following floods or other unusual conditions ; as 
the only available method in a few instances where primary measures 
such as drainage are not applicable (for example, impounding reser- 
voirs) ; and in the relatively few cases where the capitalized annual 
cost of oiling or larviciding is considerably less than the cost of pri- 
mary control measures. 

Within the limitation of the foregoing principles, the use of oils 
and larvicides should be considered with reference to the suitability, 
effectiveness, and relative cost of 1) available oils and larvicides (tile 
subject of this chapter), and S) methods of application (discussed 
in the following chapter) . Consideration of both is essential to sound 
abatement procedure whenever oiling is necessary. Preoccupation 
with the problems of the application of oils may result in unjustifi- 
able expense and inadequate abatement when the materials used are 
not carefully selected. 



200 MOSQUITO CONTROL 

Four general types of materials have been used to Mil mosquito 
larvae and pupae : 1) oils, petroleum derivatives principally, though 
some attempt has been made to use various vegetable oils ; 2) ingested 
poisons, for example, Paris green; 8) water-soluble poisons; and 4) 
emulsions containing toxic substances. 

For all these materials our present knowledge is inexact and too 
purely empirical for a really satisfactory presentation of required 
information. Little is known as yet either scientifically or practically 
concerning the exact elf ects of these various materials upon mosquito 
larvae and the methods by which they cause death. What facts we 
possess, though considerable in some phases, are sepai’ated, on the 
one hand, by wide gaps in essential information and, on the other 
hand, by extensive jungles of surmise, snap judgment, mere beliefs, 
empiricism, and inadequately analyzed observations. Therefore what 
we write is to be taken simply as a presentation of the facts as far as 
they are available to us at the present time, arranged and interpreted 
in accordance with our best judgment. New information may later ma- 
terially modify our ideas. 

Since supplies of pyrethrum and of petroleum oils have become 
scarce during the present war, it is necessary to find new larvicidal 
materials which can take their place effectively and economically. Sev- 
eral such materials are being tried, but adequate information con- 
cerning field trials is not yet available in some cases. 

PETROLEUM OILS 

When L. 0. Howard^ in 189S published his statement that kero- 
sene would kill mosquito larvae, he not only made available a proce- 
dure for the destruction of mosquitoes, but also started a chain of 
ideas which have failed to receive much critical analysis. Ask any 
oiler in a mosquito abatement gang how an oil film on water kills 
mosquito larvae and he will probably answer, “Why, the oil cuts off 
their air and suffocates them, of course.” And yet three simple ex- 
periments which this oiler could easily make would show that state- 
ment to be either incorrect or at least decidedly doubtful. 

Take an ordinary four ounce glass-stopper bottle, fill it completely up into 
the neck with clean, cold, well-aerated tap water. Place two or three full-grown 
mosquito larvae in the bottle and insert the glass stopper in such a way that no 
bubble of air remains under the stopper, so that the larvae cannot obtain any 
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air through their breathing siphons. Put the bottle in a cool, shaded place and 
observe the larvae at half-hourly intervals. After several hours they will still 
be alive and if placed in a refrigerator at 40° F. will probably be still alive 
after twenty-four hours. When removed to an open jar of water, they will pro- 
ceed to pupate and emerge as normal mosquitoes. 

For the next experiment, place several mosquito larvae and pupae in an open 
jar and pour a little of any light petroleum derivative (gasoline, kerosene, or 
stove oil) on the water surface. After the larvae have had several contacts of 
their breathing siphons with the oil film, float off or absorb the oil film and re- 
move the larvae and pupae to a jar of clean water where they have free access 
to the air. Within an hour the larvae and pupae will be either dead or mori- 
bund. 

In the last experiment, substitute any highly refined non-volatile petroleum 
oil such as medicinal mineral oil, proceeding otherwise as in the second experi- 
ment. The larvae will probably die after many hours, but the pupae will survive 
perhaps for days and a few may even succeed in emerging as adults. 

These three experiments indicate that deprivation of oxygen (suf- 
focation) will ultimately kill mosquito larvae, but this is a relatively 
slow and uncertain process ; if the rate of metabolism of the larvae is 
slowed down by low temperatures, they can survive for many hours 
by utilizing what oxygen is dissolved in the water. The third experi- 
ment indicates that deprivation of oxygen through a blocking or 
plugging of the breathing siphon is pi'obably of minor significance. 
What kills the larvae would appear to be some quality of an appar- 
ently poisonous nature in the lighter oils. Further experiments would 
soon show that the lighter and more volatile the oil (in general, and 
with certain limitations to be discussed later), the quicker and more 
certainly the larvae would be killed. 

In order that a reasonable knowledge may be had of the best type 
of oil to use in mosquito abatement, at least four lines of scientific 
information are required, which must be evaluated in relation to each 
other and to the practical objectives. These are: 1) chemical and 
phj^sical studies of the composition and properties of oils, particu- 
larly petroleum and its constituents and derivatives ; S) entomologi- 
cal studies, especially in insect physiology, on the effects of oils, par- 
ticularly the various petroleura fractions, upon mosquito larvae, and 
on the method by which death is caused ; 3) physicochemical studies 
of the properties of oil films on water surfaces; 4) analyses of costs. 
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Chemical and physical properties op petroleum oils 

Petroleum oils are extremelj complex mixtures of various carbon 
compounds; and crude petroleums vary widely in composition ac- 
cording to the characteristics of the field from which they are derived. 
The crude petroleum contains many of the members of the saturated 
hydrocarbons of the aliphatic series, from CH 4 (methane or marsh 
gas) to C 27 PI 56 and slight amounts of compounds of even higher 
molecular weight. This series is frequently called the paraffin hydro- 
carbons. In addition to the paraffin hydrocarbon series, petroleum 
also contains certain unsaturated, cyclic, and aromatic hydrocarbons 
and compounds containing nitrogen, oxygen, and sulphur. 

Petroleum is frequently classified as an asphalt-base oil if the resi- 
due after distillation is rich in asphalt (a black, heavy heterogeneous 
mixture of polymers of aromatic and aliphatic hydrocarbons and 
their oxidation products) or as a paraffin-base oil if the residue is 
relatively rich in the solid hydrocarbons of the methane or paraffin 
series and relatively low in asphaltic compounds. There may be vari- 
ous gradations between these two general types of crudes. 

The variation in oils from different fields is quite marked. Penn- 
sylvania oil is largely composed of compounds of the paraffin series 
and cyclic compounds; oils from the Texas, Oklahoma, 
Kansas, and California fields contain various aromatic derivatives in 
addition to the paraffin series ; oils rich in naphthenes and their homo- 
logues are found in Kussia. 

In the commercial preparation of a petroleum product such as 
gasoline (distillation range 50° C. to S526° C.) the refining process 
removes most of the higher boiling fractions, including tlie waxes and 
asphalts, and also usually most of the benzene derivatives and the 
unsaturated hydrocarbons, together with the sulphur and nitrogen 
components. In other commercial grades such as diesel oil and stove 
oil (excluding refined lubricating oils) intermediate boiling fractions 
are separated from the low-boiling liquids and gases on the one hand 
and the higher boiling solids on the other, but such compounds as 
unsaturated hydrocarbons and benzene derivatives, together with 
sulphur and nitrogen compounds, may not be removed or may be only 
partially removed in the refining process. Some of these compounds 
(which may be considered as impurities) appear to have definite toxic 
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eifects upon mosquito larvae over and above the effects of the volatile 
hydrocarbon fractions. 

Owing to the wide variation in the components of crude petroleums, 
it is not to be expected that oils distilled within the same temperature 
range but derived from different source fields would have the same 
effect or value as mosquito larvicides. Variations in the components 
other than saturated hydrocarbons may make large differences in 
toxicity, viscosity, spread, stability of oil film, and in cost, within the 
same boiling points. It is therefore improbable that a specification 
drawn for mosquito abatement oil derived from Texas cmdes could 
be applied without modification to such oils derived from Arabian 
crades. Specifications for mosquito-killing oil, so far as the physical 
characteristics of boiling range, viscosity, and specific gravity are 
concerned, must be varied to accord with the characteristics of the 
crude petroleum available in the area in which mosquito abatement 
work is to be done. For the same reason, specifications for toxicity 
and spreading coefficient should also be modified to accord with the 
characteristics of the available oils. 

The chemical and physical properties of an oil will have a marked 
effect on the stability of an oil film on a water surface. In the pres- 
ence of certain types of compounds, an oil film may break down rap- 
idly, coalesce into globules, or split up into patches within a short 
time. Effective oils should have a reasonable film stability, which is 
a phenomenon to be distinguished from film persistence ; a thick coat- 
ing of non-volatile, non-toxic oil might be persistent, but a thin film 
thereof might be unstable. Film persistence will be discussed later. 

Murray’s work, ^ to which further reference will be made, indicates 
that to assure film stability mosquito abatement oils should have either 
a Yerj low^ or a very high aromatic content, but should not contain 
aromatic compounds in proportions nearly equal to the saturated 
hydrocarbons, unless they are high boiling point aromatics; the oil 
should consist of widely overlapping cuts of oils; and should not con- 
tain fatty acids or fats, especially if added as spreaders. We have 
not as yet been able to devise any satisfactory specifications for film 
stability. Our only method of determining it at present is empirical 
and consists of spra3ung samples of the oil in the field and observing 
the behavior of the oil film over a period of several hours. 
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Specific gravitjj which should be expressed as a direct numerical 
weight per volume ratio in relation to distilled water but which com- 
mercially is frequently expressed in Baum6 degrees (for example, 
^7° B.)} has been used in some cases as almost the sole criterion of 
a mosquito oil. Actually specific gravity is of relatively little impor- 
tance as a criterion for an oil for mosquito abatement; its principal 
value in specifications is (in connection with viscosity) to obtain oils 
which will be readily sprayable at moderate pressures. We have found 
0.86 to 0.86* to be a satisfactory range of specific gravity. 

Viscosity is the resistance of an oil to flow when a force is imposed 
upon it, and is measured usually in seconds of time at 100° F. on the 
Saybolt Universal Viscosimeter which times the efflux of a definite 
quantity of the fluid through a short tube. Oils of high viscosity 
(thick, heavy oils) would require considerable power application to 
force them through spray nozzles and probably would not spread as 
well as lighter oils of lower viscosity. We have found a range of 61 
to 4iS Saybolt Universal at 100° F. to be satisfactory for mosquito 
abatement oil. 

Toxic EFFECT OF OIL ON MOSaUITO LARVAE 

Apparently Howard’s observations on the killing of mosquito lar- 
vae by kerosene did not begin to receive any critical examination un- 
til 1917, when Moore® showed that toxicity was associated with vola- 
tility and suggested that the structure of insect respiratory organs 
was probably responsible for the influence of volatility upon the tox- 
icity of volatile organic compounds. Takatsuki,^ experimenting with 
both light and heavy oils, showed that the cause of death was not a 
mechanical suffocation from the stoppage of the breathing pores and 
found that the surface of the siphons and respiratory organs is cov- 
ered by an epithelial membrane which has a special affinity for pe- 
troleum oils. This membrane is not stained by water solutions of dyes, 
but is readily stained by petroleum solutions of dyes. He also showed 
that a thick layer of oil was unnecessary to kill mosquito larvae. 

Freeborn and Atsatt,® by studying the effect of colored petroleum 
oils on mosquito larvae, came to the conclusion that the volatile con- 
stituents of the oils contained the principles which produced the pri- 
mary lethal effects : that these effects are produced by the penetra- 
tion of the volatile fractions (vapors) of the oils into the tracheae of 
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the larvae and pupae ; that the toxicity of an oil is in direct propor- 
tion to its volatility; and that with heavyj involatile oils (boiling 
point greater than S50° C.) mechanical suffocation may have some 
supplementary effect. They also tested various theories as to the effect 
of oil in killing mosquitoes and found that 1) the idea that oil low- 
ered the surface tension of water so that larvae could not maintain 
themselves at the surface was incorrect; S) direct suffocation was of 
little effect ; 8) poisoning of larvae was not caused by toxic substances 
dissolved from the oil by the water; 4) blocking of the tracheal tubes 
by oil, as suggested by Ross in 19G3, may have some slight effect, but 
it is secondary ; and 5) oil as a contact poison is of little effect as death 
results before the oil thoroughly penetrates the general tissues. 

Hacker® showed that a complete film of oil was not necessary in 
order to kill mosquito larvae, and that a momentary contact with a 
film of toxic oil was sufficient to cause death, even if the larvae were 
then transferred to clean water. Green'^ showed that with Anopheles 
larvae very short periods of contact with volatile oils (gasoline twelve 
seconds, kerosene four minutes) were sufficient to cause death, that 
increased exposure beyond that point did not hasten death appre- 
ciably, and that Culeoa larvae required six to eight times more contact 
time to kill Anopheles. Hacker® found that volatile hydrocarbons 
condense as a film on the lining of the larval tracheae and produce a 
pseudo-anaesthetic effect; this film increases the absorption of meta- 
bolic end-products (acids and alcohols) which enhance the toxic ac- 
tion to a total true anaesthesia. 

Ginsburg® tested the penetration of dye-stained oils into the re- 
spiratory system of mosquito larvae and pupae and concluded that 
lighter oils (boiling ranges from 200° F. to 500° F.) killed by a di- 
rect toxic effect within thirty minutes or less, and that oils of high 
boiling ranges (for example, lubricating oils) caused a slower death 
by suffocation, the rate of killing being somewhat proportional to the 
thickness of the oil film. The breathing siphons of Culem larvae can 
readily penetrate oil films of the thickness usually applied on nioS’- 
quito breeding water. He also found that larvae whose respiratory 
siphons w^ere filled with non-toxic heavy oil did not develop into pupae, 
but that pupae whose breathing trumpets and even part of the thorax 
were filled with non-toxic oil could under certain conditions develop 
into adults. 



212 MOSQUITO CONTROL 

Corbett and Hodgkin^® suggested tliat volatility in itself was not 
of primary importance, but that toxicity and retention of toxicity 
over a period of time were the factors to be considered. 

A considerable literature on the effect of oils upon mosquito lar- 
vae has appeared from 1910 to the present, much of it inadequate, 
contradictory, or erroneous. Even textbooks have been guilty of en- 
tirely wrong statements, for example, “The larvae are suffocated, 
through inability to penetrate the film with their breathing tubes.”^^ 
The items we have cited appear to us to be the most significant, up 
to the work of Murray. If the significant papers we have quoted had 
been heeded by, or even known to, practical mosquito men, there 
would have been fewer failures and less waste of effort and money. 
But to many of them oil was oil, and even some of the experts were 
mere empiricists in this phase of the work. 

Murray^® proceeded to attack anew the problem: how do larvae 
die under oil treatment? He succeeded in making microscopic studies 
of the effect of unstained oils on larvae, particularly Culeao, whose 
tracheal system is more easily observed. The inner surface of the 
tracheae is composed of a material, perhaps waxy in character, which 
is wetted by oil but not by water. Almost any oil or similar organic 
material causes these membranes to lose their metallic appearance 
and become transparent, and the presence of any kind of oil m the 
tracheae is ultimately fatal. However, the survival time may vary 
widely from a few minutes to a week or more, depending on toxicity 
and various other factors, such as differences in the amount of oil 
taken into the tracheal system which will vary with the number of 
times and the length of time the larva contacts the oil film. The num- 
ber and length of contacts are in general smaller with oils of higher 
toxicity, and therefore the most toxic oils (toxicity being considered 
apart from volatility) are not necessarily the best larvicidal oils. With 
highly volatile oils some larvae may even escape oiling for a consider- 
able length of time, thus outliving larvae which have taken in a fatal 
quantity of a less volatile oil. Murray found that penetration of the 
tracheae at ordinary temperatures was accomplished most rapidly by 
oils of the middle boiling range (S00° C. to 300° C.). He also dis- 
posed of the fallacy of “lasting” quality of the oil film, showing that 
the cause of effective mosquito control is not served by depending on 
long persistence of oil films in the presence of recurrent breeding. 
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G. I. Watson^" has made significant studies, only partially pub- 
lished, on the manner in which oils kill mosquito larvae, and has de- 
veloped useful techniques for observing the effects. He shows that 
toxic oils entering the tracheal system may kill by paralysis of the 
skeletal muscles of larvae. In addition, some toxic oils kill microscopic 
organisms which are food for larvae, and in the case of surface feed- 
ers this may result in starvation. He also showed that if enough heavy 
fractions of oil enter the trachea, they may prevent molting or cause 
suffocation. With surface-feeding larvae, also, the heavy fraction of 
an oil may so mat the mouth-brushes as to prevent feeding and cause 
death by starvation. Watson also emphasizes the need for toxicity and 
good spreading qualities in an effective larvicidal oil. 

Testing oils for toxicity 

Except for an understanding of the lethal effects upon larvae and 
their reaction to various types of oil, it is not necessary in testing oils 
for toxicity to distinguish between the effects of volatile saturated 
hydrocarbons and the toxic properties of unsaturated, cyclic or aro- 
matic hydrocarbon components of the oil. Two practical methods of 
testing' are': ■ , , 

1. The most logical test: put say ten larvae and five pupae in a tail glass 
cylinder not over two inches in diameter, fiilled with clean water practically 
to the top. Insert a glass tube to the bottom of the cylinder and connect it by 
rubber tubing to a source of water supply. Adjacent to the cylinder, place 
several glass containers filled with clean water, and a glass tube with a rub" 
ber suction bulb on one end. Timing the operation, with a stop-watch If avail- 
able, put a film of the oil to be tested onto the water surface in the cylinder 
containing the larvae, with as little disturbance as possible. After thirty sec- 
onds, provided all larvae and pupae have been in contact with the oil, intro- 
duee fresh water gently by the glass tube to float off the oil, finally absorb 
the oil with blotting paper or similar material, and transfer the larvae and 
pupae by means of the glass tube with suction bulb to the jar of clean water. 
They should then be kept under observation to determine the time of death. 
Repeat the experiment, increasing the time of contact by half-minute incre- 
ments up to a total contact time of five minutes. If an oil wnli not kill within 
a total contact time of five minutes, it is probably either insufficiently toxic or 
insufficiently volatile to be of use for mosquito abatement. (Contact time should 
not be confused with the elapsed time from contact to death. Reasonably toxic 
oils will kill within one hour of elapsed time after initial contact with the oil 
film.) 
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2. A simpler testj satisfactory for most purposes : put say ten larvae and five 
pupae in ordinary one-pint glass jars half filled with water, and apply a thin 
surface film of the oil to be tested. Record the time elapsed until all larvae and 
pupae are dead. 

Death may be defined as the state when all movement has ceased and the 
larvae or pupae fail to respond by reflex muscular movement to sharp taps 
with a lead pencil on the side of the j ar. The shorter the period of contact which 
produces death in the first method, or the shorter the elapsed time to produce 
death in the second method, the more effectively toxic, probably, is the oil 
tested. 

Murray^^ has shown that with oils of extreme volatility or toxicity 
the irritative effect on the larvae may be so great as to prevent an in- 
take of oil into the tracheal system for some time, and so delay effec- 
tive killing, or even under natural conditions possibly may permit an 
escape of some larvae from contact with the oil. Extreme toxicity or 
volatility is therefore probably not desirable in a larvicidal oil. 

As an illustration of the variation in toxicity of different oils, 
Table 6 shows results we obtained, using test No. £ with Culew tar- 
salis larvae and pupae against oil samples submitted on a call for bids. 

Table 6 . Toxicity of oils for larvae 

KILLING TIME IN MINUTES 

Trial A Trial B Trial C Average 


Stove Oil 8'i°B 4f5 40 40 42 

Stove Oil 32°B 43 38 47 43 

Kerosene No. 1 58 39 43 47 

Stove Oil No. 4 50 44 , 50 48 

Kerosene No. 2 61 40 53 51 

Stove Oil No. 5 61 63 50 55 

Kerosene No. 3 69 46 55 57 

Stove Oil 27° B 77 43 64 62 

Kerosene No. 4 78 59 62 66 


It will be noted that all the stove oils had higher boiling ranges than 
the kerosene, but that the two lightest stove oils killed more quickly 
than any kerosene. The most effective kerosene was apparently the 
least refined, judging from the odor and price. The two highly re- 
fined kerosenes were about as slow in killing action as the £7° B. stove 
oil. 
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Another simple experiment, which is rather enlightening, is to place several 
larvae and pupae in each of four jars of clean water, and apply thin films of the 
following materials, one to a j ar : 

1 . High grade smokeless kerosene 

2. A diesel oil or stove oil 

3. Kerosene to which has been added five per cent of cresylic acid 

4. Pyrethrum extract (fly spray) in kerosene solvent 

Observe the bottles for a period of about fifteen minutes, and thereafter at ten- 
minute intervals. The larvae in bottles 3 and 4 will probably be dead within 
fifteen minutes ; in bottle 2 they will probably be dead within forty minutes ; 
but the larvae in bottle 1 will probably survive for about an hour. As the 
volatility of the kerosene in bottles I, 3, and 4 is the same, the greater rapidity 
with which death occurs in 3 and 4 must be attributed to the toxic effects of 
cresylic acid and pyrethrum, and similar reasoning would indicate that toxic 
impurities in the less refined oil in bottle 2 probably also accelerated death. 

Precautions regarding toxicity 

Any oil used in mosquito control should be non-toxic to stock (cat- 
tle, horses, etc.), wild life, and aquatic life, especially fish. To safe- 
guard crops it should also be non-toxic to vegetation, but when crops 
do not need to be considered a high toxicity to vegetation is a decided 
asset in kilHng off growths that protect mosquito larvae from contact 
with oil. 

In our experience, moderately toxic and volatile oils, applied ade- 
quately but in the minimum amounts to satisfy effectiveness and econ- 
omy, do not have any deleterious effects upon fish, water birds, or 
aquatic life in general. On the other hand, heavy oils ignorantly ap- 
plied in excessive quantities are undoubtedly deleterious in their 
effects. Such bungling inefiicieney should be condemned by mosquito 
abatement agencies as well as by the conservationists. 

Some types of oils may be toxic to the workmen applying them be- 
cause of excessive quantities of phenolic or similar substances in the 
oil, or may be offensive to use because of unpleasant odors. Some ma- 
terials we have experimented with have had to be abandoned, though 
otherwise excellent, because of the severely irritating effects on mu- 
cous membranes (eyes, nose, and mouth) ; others had persistent, per- 
vasive odors which built up to a nauseating effect. In the effort to 
protect themselves, workmen cannot or will not use such materials efiS- 
ciently and they should not be expected to use them. 
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Spreading properties oe oil on water surfaces 

The formation and characteristics of oil film on water surfaces have 
been investigated by many scientists, among whom may be particu- 
larly mentioned Kayleigh, Langmuir, and Rideal. Surface phe- 
nomena, particularly where petroleum oils are involved, are extremely 
complex and highly technical, and the literature on the subject is 
voluminous. From a practical standpoint, the recent work of Mur- 
ray^ and that of Gray and Bent^^ are the most immediately useful. 

The tendency of an oil to spread or not to spread on a water sur- 
face is determined by the three surface tensions existing when a small 
quantity of oil is placed upon a relatively large water surface. These 
surface tensions are 

1 . The water-air surface tension, S,v 

2. The oil-air surface tension, So 

3. The oil-water surface tension, 8,,^ 

These surface tensions are forces acting parallel to the three surfaces 
of contact between water and air, oil and air, and water and oil, re- 
spectively, Expressed in terms of dynes per centimeter (dynes/cm.) 
they are the force components of the work necessary to overcome the 
cohesive forces of the liquid when one square centimeter of new liquid 
surface is made. 

The spreading coefficient, a measure of the capacity of an oil to 
spread on a water surface, is expressed by the formula 

Spreading Coefficient = Sw — (So -j- 

An examination of this equation shows that an oil will tend to spread 
only when the water-air surface tension exceeds the sum of the oil-air 
and oil- water surface tensions, and that the smaller the sum of the 
oil-air and oil-water surface tensions in relation to the water-air sur- 
face tension, the greater will be the spread. It is also seen that any- 
thing which will reduce the water-air surface tension (such as certain 
dissolved or colloidal substances in water) will also reduce the spread- 
ing coefficient of the oil. 

The surface tension of pure water (72 dynes/cm. at 25° C.) is 
generally higher than the sum of the other two surface tensions, and 
as a result most oils tend to spread on a water surface. However, 
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water encountei'ed in mosquito abatement work is not pure; it con- 
tains a wide variety of dissolved or colloidal substances. Such mate- 
rials as fatty acids and their salts (soaps) and organic matter (such 
as sewage and vegetable extracts) are highly surface active, and 
lower the surface tension of water to a figure that is sometimes not 
enough to spread the oil. This phenomenon has been observed on 
many occasions by mosquito abatement workers, especially on peaty 
marshes and on marshes heavily polluted by sewage. On the other 
hand, certain dissolved salts, such as some chlorides, increase the 
water surface tension and increase the spreading capacity of oil. 

The surface tensions of oils vary somewhat according to their com- 
position. For the petroleum derivatives, their range is from 
dynes/cm., for low-boiling fractions such as gasoline, to about fiO 
dynes/cm., for high-boiling fractions such as diesel oils. Other fac- 
tors being equal, the oils of lower boiling range may have better 
spreading power than oils of higher boiling range. 

The interfacial tension of the oil-water interface is subject to ex- 
treme variation. Murray- found that the usual range of the normal 
products lind by-products of petroleum refineries either had no 
spread (kerosenes or white neutral oils) or had spreading coefficients 
of from 8 to SO dynes/cm. The special malaria oil used in India had 
a spreading coefficient of about £5 dynes/ cm. In general the more 
highly purified the petroleum derivative, the higher will be the value 
of the oil-water interfacial tension, and therefore the lower will be 
the spreading coefficient. For example, the oil-water interfacial ten- 
sion of a highly refined smokeless kerosene is about 50 dynes/cm., at 
C., while that of a cheaper, less liighly refined grade of kerosene 
is about 45 dynes/cm. Their oil-air surface tensions are approxi- 
mately the same at dynes/cm. The spreading coefficients are 
therefore respectively — 4i dynes/cm., and -fl dyne/cm., showing 
that the more highly refined kerosenes will not spread at all and the 
less refined kerosenes will spread but little. This fact has been fre- 
quently observed in practical field trials and can be experimentally 
confirmed by placing a drop of each type of oil on a water surface. 

The contrast is more pronounced between smokeless kerosene and 
a light stove oil having an interfaeial tension of 33 dyiies/cm. and a 
spreading coefficient of IS dynes/cm.; or between smokeless kerosene 
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and a light diesel oil having an interfacial tension of ^3 dynes/cm. 
and a spreading coefficient of 20 dynes/cm. The heavier diesel oil is 
seen to have a better spreading coefficient than the lighter stove oil or 
the still lighter kerosene (the specific gravities being respectively 
about 0.85, 0.84j, and 0.80). The enhancement of spreading power, 
running contrary to specific gravity and boiling range, is attribut- 
able to an increasing amount of certain impurities which are not re- 
moved in the refining process. These impurities are principally aro- 
matic petroleum components, unsaturated compounds, and polar 
compounds such as organic acids or alcohols, which orient themselves 
at the interface and consequently lower the interfacial tension.^® 

These observations give clues to possible developments along the 
line of improving the spreading properties of petroleum oils for mos- 
quito abatement, either by a straight-run refining process to produce 
an oil of the most favorable characteristics for this work, or by the 
addition of aromatic, unsaturated or polar components to a low-cost 
oil to increase spreading capacity and toxicity. Murray’s work,^ the 
second part of which was not available when much of our work on 
this problem was performed, indicates that cracked spirit gum and 
some of the products of sulphonation of petroleum are useful addi- 
tions to oils for increase of spread, but that the addition of phenols 
and higher alcohols is based on a fallacy, as the water-soluble com- 
ponents of such materials escape from the. oil into solution in the 
water, thus causing a break-up of the oil film. 

Table 7 from Gray and Bent^^ illustrates the ranges of surface 
tension and spreading coefficient for various petroleum derivatives. 


Table 7. Spreading coefficients of oils 


Oil 

Surface 

tension 

dynes/cm. 

Interfacial 

tension 

dynes/cm. 

Spreading 

coefficient 

Neutral white oil .... , . . 

• • . 

31.3 

66.6 

-15.9 

High grade kerosene . . . . 

- *■ ■ 

26.1 

60.5 

-4.6 

Cheap grade kerosene . . . 

^ • • 

26.6 

'.V.:v46.0.'.;;" 

0.5 

Light stove oil 


27.3 

32.9 

11.8 

High aromatic kerosene 

ex- 




tract 

* ► ♦ 

30.5 

22.9 

18 6 

Diesel oil 

* • * 

29.2 

23.1 

19.7 

Special mosquito oil . . . . 

... 

29.4 

15.0 

27.6 
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(Boiled distilled water has a surface tension of 7^.0 dynes/cm. at 
25 ° C.) The kerosene extract shown in the table was the impurities- 
containing residue obtained on the final refining of kerosene. As a by- 
product it might be obtainable in some areas at a sufficiently low 
price to be economical especially as a base for a compounded lar\'i- 
cidal oil. The special mosquito oil was a diesel oil especially treated 
by additional substances to increase the spreading coefficient. 

In June, 1939, we ran some spraying tests with a specially treated 
oil having a reported spreading coefficient of 34. This oil covered the 
water surface at the rate of 3.8 gallons per acre; it had a toxicity to 
mosquito larvae about equal to that of diesel oil. The oil film, while 
apparently stable, was in our opinion too thin for practical field work. 

It is interesting to note that the spreading coefficient of an oil de- 
creases with an increase in temperature. For example, diesel oil which 
had a spreading coefficient of 19.6 at 25 ° C. was found to have a co- 
efficient of 24.5 at 3° C., and 19.0 at 50° C. Generally we have 
thought that oils spread better on w^ater in warm w’-eather than in 
cold weather, but on the basis of field experiments with several types 
of oil, in which the area covered corresponded quantitatively with the 
spreading coefficients, we are now inclined to believe that our impres- 
sions on temperature effect may be wrong. It may be that spreading 
coefficient is not the sole criterion of spread under practical applica- 
tion of oils on wmter. 

Ginsburg^® studied various materials wdth reference to their effect 
on the spreading capacit})' of oils. He found that chemicals with hy- 
droxyl (OH) ions, such as phenols, cresols, and xylenols, were most 
effective in increasing oil spread. For example, the addition of one 
per cent of crude cresol (ninety-five per cent cresylic acid crystals) 
increased the spreading of oil one and one-half times and also in- 
creased the duration of the film. 

We have frequently added a cresylic acid larvicide to stove oil and 
diesel oil, primarily to increase toxicity, and have noticed a tempo- 
rary increase in spread, associated with a lessened stability of the 
oil film. Since such additions increase the cost of the oil, they must 
be evaluated in relation to increased spread and toxicity, on the basis 
of cost as applied to mosquito breeding areas. ^ ^ 

Fellton^’’' has devised a number of simple tests for oils, among them 
being an approximate test for spreading coefficient. Castor oil, which 
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has a Spreading coefficient of from 16 to SO dynes/ cm., can be used as 
a rough standard. 

Set upright in a ring stand a clean glass funnel (six to eight inches top 
diameter) j connect the stem with a rubber tube, and clamp to a water faucet 
Introduce water and allow it to overflow for a few moments until a clean water 
surface is obtained, then turn off the water, clamp the tube, and remove a little 
water from the funnel by slight tilting, so that the surface is about one-eighth 
inch lower than the rim. Then take two clean glass rods, one in each hand; dip 
one into castor oil and one into the oil being tested. Carefully place one drop of 
each oil simultaneously on the water surface in the funnel, placing them near 
the periphery but at diametrically opposite points. Observe the spread of each 
drop of oil by looking nearly horizontally along the water surface. 

If both oils cover nearly equal areas of water surface, their spreading coeffi- 
cients are nearly the same. If the castor oil spreads over a larger area than the 
tested oil, such oil has a spreading coefficient less than about 16 to 20 dynes/ 
cm.; if the difference is great, the oil is unsatisfactory in spreading quality. If, 
however, the tested oil occupies more area of water surface than the castor oil, 
it has a spreading coefficient greater than 16 to 20, and its spreading quality is 
satisfactory. 

Fellton has also devised simple tests for toxicity, viscosity, and spe- 
cific gravity of oils, and a simple test for toxicity of Paris green. 

Cost analysis of oils 

Tlie physical and toxic characteristics of a larvicidal oil will in 
themselves have a marked effect on the cost of oil as applied to water 
for the purpose of killing larvae. Failure to analyze these costs care- 
fully is probably responsible for some of the decided variations in 
practice which can be observed, as well as for a marked lack of both 
effectiveness and economy in the application of oil in some regions. 

Analyses of the cost of marsh oiling done by band sprayers, under 
our direction, indicate that the following approximate unit costs are 
reasonably representative : 

Labor cost per gallon $0.18 

Transportation cost per gallon 0.023 

Equipment charges, supervision, and mis cell aneous materials 
per gallon (administrative overhead not included) 0.059 

For purposes of comparison, we have measured the area covered by 
one gallon of each of three types of oil, efficiently applied by experi- 
enced men on practically identical water surfaces under comparable 
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conditions ; and have checked the results by duplicate operations. The 
three types of oil were 

1. A specially treated diesel oil with a very high spreading coefficient 
(S.C. 27). Requires six gallons per acre of water surface for complete 
coverage with a uniform^, stable oil film. Delivered price $0,074 per 
gallon. 

2. Diesel oil (Pacific Specification No. 200) with a spreading coeffi- 
cient of 19. Requires nine gallons per acre of water surface for com- 
plete coverage with a uniform, stable oil film. Delivered price $0.05 per 
gallon. 

3. A lubricating oil (S.A.E. 40) with 6 per cent by volume of gaso- 
line, made up to approximate the characteristics of waste crank case 
oil. Spreading coefficient not determined but probably negative. liequires 
at least twenty-one gallons per acre of water surface for at best an un- 
even, uncertain coverage witli poor stability of oil film. Price assumed to 
be $0.02 per gallon for crude material delivered, as this price is reported 
to have been obtained in some localities. 

The approximate cost of application of each of these oils, per acre of 
water surface, using the foregoing figures, is as follows: 


1, Cost Analysis for Special Oil 

Oil " 6x0.074 $0.45 

Labor 6x0.18 1.08 

Transportation 6x0.023 0.14 

Equipment, etc. 6x0.059 0.36 

Total cost $2.02 

2. Cost Analysis for Diesel Oil 

Oil 9x0.06 . $0.46 

Labor 9x0.18 1.62 

Transportation 9x0.023 0.21 

Equipment, etc. 9x0.059 0.63 

. , Totalcost , : :$2.81 

8 . Cost Analysis for Woste Lubricating Oil 

Oil 21 X 0.02 $0.42 

Labor 21x0.18x1.25* 4.72 

Transportation 21 x0.23 0.48 

Equipment, etc. 21 x0.069 1.24 

Total cost $6.86 


* Because of the greater pressure required in spraying this oii, labor time 
for spraying was materially increased, hence the approximate factor of 1.25. 
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It is probable that in all-around work the cost comparison might 
not prove to be quite so favorable to the first oil, since in “spot oil- 
ing” as compared with “sheet oiling” more nearly equal quantities of 
the first two oils might be used. But considerable vegetation or con- 
taminated water might make the comparison more favorable to the 
first oil. The unfavorable comparison of the waste lubricating oil 
with the diesel oil is not exaggerated, and under many circumstances 
tlie comparative cost of the waste oil might be more unfavorable, 
particularly in the presence of much vegetation. If waste crank case 
oil cost nothing delivered to the sprayer, it would still be excessively 
costly as applied to mosquito breeding water. 

In practice, larger quantities of oil than indicated will be required, 
1) because of the absoi'ptive effects of vegetation and soil and of 
floatage, S) because of organic contaminants of swamp .or marsh 
water which reduce the spreading property of an oil, and S) because 
of a certain amount of wastage which cannot be entirely eliminated. 
But no matter what the variations in physical conditions of the area 
sprayed with oil, those oils of greater spreading properties and 
higher toxicity will in general be more effective; the quantities of oil 
applied will be roughly in inverse ratio to the spreading coefficient ; 
and the total cost of application, properly analyzed, will be found to 
be at least roughly parallel to the cost anatyses given. 

We cannot emphasize too strongly the fact that the price of oil 
has no necessary relation to the cost of oiling. In our experience, the 
cost of oil is roughly from fifteen to twenty per cent of the cost of 
oiling, when efficient oils are used; but as we have shown, the wrong 
kind of oil, even if obtained free of cost, may still be excessively costly 
and comparatively ineffective for mosquito abatement. 

The methods of cost analysis here suggested are equally appli- 
cable to the various larvicidal materials used in place of oil. We have 
a certain scepticism regarding the actual and comparative economy 
of some larvicides, particularly pyrethrum larvicide, and to some ex- 
tent Paris green, as- they are reported as a rule only on the basis of 
price of the material, not on the basis of total cost as applied. For 
the same reason, w^e question the economy of the use of bunker fuel oil, 
as practiced in the Panama Canal Zone.^® However, a crude oil is oc- 
casionally available which has fairly good characteristics and can be 
obtained at a relatively low price, and applied at a low overall cost.^'* 
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Waste OILS , 

Many persons have had the idea that waste oils, such as waste 
crank case oil, could be used for mosquito abatement. Such waste oils 
can usually be obtained for nothing more than the cost of collection. 
However, these oils are far from uniform in characteristics, are low 
in toxicity, and usually have much grit or muck which clogs spray 
nozzles. 

Waste crank case oils should be strained to remove grit and should 
be settled for several weeks to remove heavy residues. The remainder 
usually must be “cut” or thinned by some lighter petroleum oil, in 
order to give it good spreading characteristics and to increase its vola- 
tile fraction. 

Given a heavy oil and a light oil, a simple method of calculating the pro- 
portions of each to produce a mixture of predetermined Baume gravity is as 
follows: 

1. Express the specific gravity of both oils, and of the desired mix- 
ture, in Baume degrees. 

2. Write the gravities of each oil, one below the other, on the left 
side of a square at the corners. 

3. Write the desired gravity of the mixture at the intersection of the 
diagonals of the square. ^ ^ ^ ^ ^ ^ ^ 

4. Subtract the gravities on the diagonals from each other and place 
the differences at the opposite ends of the diagonals, at the right hand 
corners of the square. These differences are proportional parts of the 
two oils which are to be mixed. 

Example: Given a waste crank case oil of 21° B. gravity and a distillate of 
46° B. gravity, to obtain a mixture of 80° B. gravity mix sixteen parts of the 
crank ease oil with nine parts of the distillate. 

The use of waste crank case oil implies certain stoi’age and collect- 
ing equipment. The oil is coilected from scattered garages and filling 
stations at a fairly uniform rate through the year, but its use is gen- 
erally confined to a period of about eight or nine months in the year. 
The use of crank case oil therefore requires collection equipment to 
gather the material, and storage tanks in which to accumulate a sur- 
plus during the winter months and to blend the required mixture. 

Shelby County, Tennessee, has been using waste crank case oil for 
several years with apparent satisfaction at a reported cost of less 
than two cents per gallon.^® The Bergen County (New Jersey) Mos- 
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quito Extermination Commission lias also used waste crank case oil for 
several years, and has erected two 4500 gallon tanks for its storage. 

In view of the newer larvicidal materials now available and the 
present knowledge of efficient oils, we cannot consider the use of waste 
crank case oils to be advantageous except in emergencies when better 
materials are not available. 

Specifications for oils 

In preparing specifications for oil it may be desirable, in order to 
assure reasonable uniformity of the product, to set up fairly narrow 
limits of range for specific gravity and viscosity, and to control the 
volatility by specifying a definite table of distillation temperatures 
and percentage volume recoveries at such temperatures. Such speci- 
fications should be set up only after considerable experience with lo- 
cally available oils and after consultation with the chemists of the oil 
companies. 

Specifications should not contain trade names or grade names for 
oils, even if a particular oil sold under a trade or grade name, such 
as diesel, stove distillate, kerosene extract, or the like, is exactly the 
oil wanted. Commercial agreements, not always publicly announced, 
between the oil companies frequently require a standard price for 
certain grades in certain trade areas, thus eliminating competitive 
prices. In specifying oil by physical properties a better competitive 
situation for the mosquito abatement agency, and probably better 
prices, will be obtained if the principal stress is placed on spreading 
coefficient, toxicity, and film stability and if reasonable latitude is 
given for specific gravity, viscosity, and boiling range. 

We have previously indicated that specifications for oil for mos- 
quito abatement must take into consideration the variations in the 
characteristics of the crude oil sources in the area in which work is to 
be done. With this caution emphasized, we present the followingpil 
specifications which we believe will be found satisfactory under a wide 
range of conditions. It should be noticed that the principal criteria 
are toxicity to mosquito larvae and spreading capacity. 

Oil furnished shall be homogehedus and shall not separate into fractions of 
different densities on prolonged standing, nor shall it deposit any solid or semi- 
solid material on prolonged standing. It shall be free from granular, flocculent, 
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fibrous, or other material which might cause clogging of spraji' nozzles. It shall 
not be subject to change or deterioration by oxidation or otherwise on pro- 
longed standing in tanks or containers. 

The oil furnished shall hill all the pupae and full-grown larvae of mosquitoes 
(Culex pipiens or A edes dorsalis) in not to exceed one hour’s time during which 
the oil is applied as a continuous film on clear water of normal dissolved oxj- gen 
content containing such pupae and larvae. Such test shall be made in a one 
quart glass mason jar containing ten larvae and five pupae immersed in one 
pint of water, uncovered and exposed in full sunlight. The killing time shall be 
determined by the time after application of the oil (or oil mixture) when all 
larvae and pupae fail to respond by reflex muscular contractions or other ac- 
tivity to successive sharp blows struck on the side of the container by an ordi- 
nary lead pencil. 

The oil furnished shall be a product resulting from the distillation or proc- 
essing of crude petroleum, and shall have physical characteristics lying within 


the following maximum and minimum allowances : 


Specific gravity (A.P, I.)* 

27-38 

Viscosity 

31-4.3 

Saybolt Universal at 100° F. 
A.S.T.M.f D 88-36 


Initial boiling point 

I65°-230° C. 

A.S.T.M.D 158-28 


Final boiling point 

Max. 800° F. 

A.S.T.M. D 158-28 


Spreading coefficient 

Min. 17.0 

* American Petroleum Institute. 


t The American Society for Testing Materials designates standard methods 

for testing materials and publishes standard specifications for engineering 
materials, which are designated by serial numbers indicating the year of adop- 

tion by the last group of figures. 


The spreading coefficient is hereby defined to he the surface ten.sion, in air, of 
distilled water, less the sum of the oil-air surface tension of the oil or oil mix- 


ture plus the oil- water (or oil mixture— water) interfacial tension, all measured 
in dynes per centimeter at 25° C,, by means of a duNoy tensiometer. 

Proposals to furnish oil shall be accompanied by a fifteen-gallon sample 
thereof. Samples of oil or oil mixture shall be accompanied by a statement giv- 
ing the physical characteristics thereof, including the spreading coefficient. 
Field tests of oil will include spreading ability upon various types of water 
surfaces, spraying characteristics, continuity and stability of film, toxic effects 
upon workmen, animals, and vegetation, and toxic effects upon mosquito larvae. 

Ginsbxirg®^ suggests tHefollowiiig physical characteristics for a sat- 
isfactory larvicidal oil : 
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Type of oil 
Gravity (A.P.I.) 

Flash 

Viscosity S.U. (a) 100® F. 
Odor 

Distillation 


Distillate fuel 
27-33 

130° F. or higher 
35-40 

Non-offensive 
10%:430°~460° F. 
60%: 610°-560° F, 
90% : 630° F. or higher 


Bottom oils 

Sammis^® and others have experimented with oils of higher specific 
gravity than water, which sink to the bottom and are apparently ef- 
fective against bottom-feeding larvae. He reports that pools treated 
with these heavy oils have remained free from larvae for considerable 
periods. 

In a personal communication dated December 8, 194S, Sammis 
states that heavy or (S/V) bottom oil should preferably be emulsified 
with Gardinol or some other emulsifier before spraying. A fairly stable 
emulsion is obtained, which is diluted one to ten for spraying. On con- 
tact with the water surface of the area sprayed, the emulsion first 
spreads, and then the oil begins to sink slowly to the bottom in the 
form of droplets. The oil is reported by Sammis to kill larvae by in- 
gestion and by contact, and he states that G. W. Williamson in Suf- 
folk County, New York, has obtained a satisfactory kill on pupae. 
Sammis reports some irregularity in the effectiveness of this oil, many 
of the tests bmng very effective and others less effective. 

With a 1 : S!0, 000 dilution he obtained a 100 per cent kill in one and 
one-half hours, which was as rapid and effective as a parallel test using 
the New Jersey pyrethrum larvicide. At a 1: 50,000 dilution, a 75 
per cent kill on larvae was obtained in one and one-half hours, and a 
100 per cent kill in nineteen hours. ^ ^ ^ ^ ^ 

The oil had a somewhat toxic effect upon fish, and on vegetation it 
was destructive to about the same degree as fuel oil. 

The present price of S/Y culicide oil is stated to be cents per 
gallon j and per spray gallon Sammis reports the cost to be $0.0ST6. 

OTHER LARVICIDES 

There are many conditions under which oils are either ineffective 
or unsuitable, or other materials are more effective or less expensive. 
Numerous investigations have been made of various substances which 
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are toxic to mosquito larvae, for the purpose of finding something 
better and more economical than oil, or something that will be useful 
where oil cannot be successfully used. On account of excessive cost or 
other limitations, most of such materials have been eliminated by 
practical experience. The materials discussed in the following sec- 
tions are those which so far have been found to be practically useful, 
and one material which has great apparent possible usefulness, though 
not adequately tested as yet under a wide variety of conditions. 

CllESYLIC Acm 

Crude cresylic acid has several boiling fractions, just as has pe- 
troleum oil. In the case of petroleum oil, it is the low boiling fractions 
that are most toxic to mosquito larvae ; but with crude cresylic acid 
it is the higher boiling point fractions that are the most toxic. We 
have found that the fraction distilling below 195° C. is but slightly 
toxic to mosquito larvae and pupae in any reasonable concentrations, 
whereas the fraction distilling between SS5° and S50° C. is toxic to 
both larvae and pupae in dilutions as high as one to 40,000. The high 
boiling fraction should be obtainable at low cost from concerns manu- 
facturing Liquor cresolis comp. U.S.P., the refined cresol which is 
the base thereof being the fraction distilling between 195° C. and 

m5°a 

For use as a larvicide, the cresylic acid (high boiling fraction) 
must be emulsified in some way so as to be miscible in water. Various 
soaps and spreaders may be used for this purpose. The original 
Panama larvicide was made with a rosin soap as the emulsifying 
agent: SOO pounds of powdered rosin with SO pounds of caustic soda 
were added to 150 gallons of crude carbolic (cresylic) acid, with heat 
and stirring. 

The manufacture of such a material requires mechanically stirred 
vats and distillation apparatus, and is best performed by manufac- 
turing chemists who have the equipment. In 1959 the material in 150 
gallon lots on the Pacific coast cost about forty-five cents per gallon 
packaged in fifty-five gallon drums. The following are general speci- 
fications for its manufacture: 

The base of the larvicide shall be that fraction of crude cresylic acid which 
does not distill below 225° C., with which is thoroughly incorporated a suit- 
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able soap or spreader (kind of soap or spreader may he specified if desired). 
The mixture shall be homogeneous^ shall not separate upon prolonged stand- 
ing, and shall be free from grit, fibrous, or gummy particles. It shall be freely 
fluid at all normal temperatures, and miscible in water and in kerosene in all 
proportions. When diluted with water in the proportion of one part of larvi- 
cide to 100 parts or more of water, the emulsion shall be stable for a period of 
at least thirty days. When diluted in the proportion of one part of larvicide to 
80,000 parts of water, said dilution shall be 100 per cent effective in killing the 
larvae and pupae of mosquitoes {Culesc or Anopheles species) immersed 
therein, within a period of two hours. 

In addition to its use as a larvicide by itself, we have found this 
material to be a valuable addition to oil in cases where a quick kill 
(practically with one contact) is necessary, such as under very windy 
conditions. We also have found that it increases somewhat the ra- 
pidity of spread of the oil film, but decreases film stability slightly. 

We have found cresylic acid larvicide to be more effective than any 
oil for control of tree-hole mosquitoes {Aedes mripalpus), and on 
logical grounds believe that it should be effective against Mansonia 
mosquitoes (for example, Mansonia perturhans) the larvae of which 
attach themselves to aquatic plants and seldom come to the water 
surface. 

Pyrethrum extracts and emulsions 

Pyrethrum is the dried flowers of Chrysanthemum cineraraefolmm. 
Its essential principle is termed pyrethrin, which is very toxic to many 
forms of insect life, especially mosquitoes in both the larval and adult 
stages. It has been extensively used as an insecticide. 

Prior to the present war, pyrethrum flowers were obtained princi- 
pally from J apan, Africa, and Dalmatia. At present, with the greater 
part of the supply cut off, most of the available pyrethrum is allo- 
cated to the military forces and little is available except for the most 
essential civilian uses. Attempts are being made to produce it in ac- 
cessible regions where low-priced labor is available. 

Used in the form of a spray, it is very effective in enclosed spaces 
against adult mosquitoes, gnats, and flies. Two types of sprays are 
normally used. One is a petroleum fraction (high-grade kerosene or a 
cleaning solvent) to which may be added a portion of carbon tetra- 
chloride to reduce the fire hazard. 
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The other is an aerosol, the pyrethrin being dispersed from a rap- 
idly evaporating liquid such as Freon (dichlorodifluoromethane) . By 
adding refined oil of sesame as an activator, the quantity of pyrethrin 
can be reduced and effective killing still obtained. The present quan- 
tities are approximately as follows : 

Pyrethrin 0.8% to 1.0% 

Oil of sesame 2.0% to 4!.0% 

Freon .... ... 97.2% to 95.2% 

The Freon-pyrethrin spray is dispensed from steel cylinders via an 
atomizer nozzle and shut-off valve. As the Freon is a low-boiling-point 
material, at ordinary temperatures it maintains its pressure until the 
entire content of the cylinder is discharged. At present these cylinders 
are available only for military use. 

Petroleum-pyrethrin sprays can be either purchased from manu- 
facturers under various trade names or made direct from pyrethrum 
concentrates. An effective spray can be made by adding one part by 
volume of Pyrocide SO to from fourteen to nineteen parts of refined 
kerosene or cleaner’s solvent. If it is advisable to minimize the inflam- 
mability of the mixture, use seventeen parts of solvent and two parts 
of carbon tetrachloride. An essential oil of pleasant odor can be added 
to mask the petroleum odor, if desired. 

Pyrethrum spray in a petroleum solvent can be used advanta- 
geously as a larvicide in certain situations. For example, ornamental 
garden pools in which water plants are grown can be sprayed lightly 
with pyrethrum extract to kill mosquito larvae, without appreciable 
damage to the plants. It can also be used to kill mosquito larvae in out- 
door swimming pools. Applied at night, it will be gone by morning 
and will not interfere with the use of the pool. In flowing springs where 
mosquito larvae occur, it can also be used effectively, killing the larvae 
and pupae before the film is removed by the overflowing water, and 
not contaminating the water. A case of this kind came to our attention 
at Byron Plot Springs, California, where CukcV pipiens was breeding 
profusely in flowing sulphur springs. Pyrethrum can also be used in 
some cases where there is a prejudice against the use of oil. For ex- 
ample, we frequently find mosquito breeding around hothouses used 
for commercial growing of flowers. The operators object to the use of 
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either oils or cresylic acid larvicides, but do not object to pyrethrum 
sprays, which they use themselves to combat various pests. 

Pyrethrins apparently oxidize in the presence of air and sunlight 
and should therefore be packaged and stored in light-proof, tightly 
closed containers. In water suspensions or emulsions, particularly if 
alkaline, pyrethrins hydrolize rapidly, especially in sunlight, and lose 
their toxicity. Spraying emulsions of pyrethrum extract must there- 
fore be used on the day they are made or they are ineffective as larvi- 
cides. Concentrated emulsions, if kept packaged in light-proof con- 
tainers, can retain their potency for several weeks. 

Apparently Ginsburg^”* was the first person to develop the practi- 
cal use of an emulsion of pyrethrum as a mosquito larvicide. The pur- 
pose of his investigations was to develop a material which would avoid 
the disadvantages of oil, and also be less expensive than oil. He pre- 
pared an emulsion consisting of kerosene extract (one pound of py- 
rethrum flowers per gallon of petroleum solvent) emulsified with 
water and soap (sixty-six per cent extract with thirty-four per cent 
water containing three to five per cent of dry soap) . This stock emul- 
sion was diluted one to ten with water for the field spray. Using more 
than fifty gallons of the dilution per acre he obtained 100 per cent 
kill on salt marshes. 

Ginsburg^'" reported in 1935 on the use of new emulsifiers for 
pyrethrum extract larvicide. These are sulphated higher alcohols 
which, according to Ginsburg, produce an emulsion which does not 
break down in hard water or salt water, and make practically no in- 
crease in cost of the emulsion. One of the emulsifiers is sodium laiiryl 
sulphate [CH 3 (CH 2 )ii 0 S 03 Na] which is sold under the trade name 
of Gardinol by Procter and Gamble, and bj?^ E. I. Dupont de Ne- 
mours & Co. The other is sulphated butyl-diphenyl-phenol sold un- 
der the trade name of Aresket by the Monsanto Chemical Co. The 
formula originally given for preparing the pyrethrum emulsion using 
these spreaders is as follows : 

100 gallons pyrethrum extract (100 gallons kerosene containing extrac- 
tive from 100 pounds flowers — at least nine-tenths per cent py- 
retlirins) 

6 pounds Gardinol W. A. Concentrated 
50 gallons water 
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The emulsifier is first mixed with tlie water and violently agitated 
in the mixing tank. Then the pyrethrum extract is run slowly in, mth 
violent agitation, plus jetting the mixture under liigh pressure back 
into the mixing tank, until a thick, homogeneous emulsion is obtained. 
It is then packaged in steel barrels for field use. For spraying, one 
part of emulsion is mixed with ten parts of water. Care must be taken 
to keep the diluted spray well mixed by shaking the spray can occa- 
sionally or by operating the paddle in the tank of a power sprayer, 

R. J. Vanderw'erker,^® superintendent of the Union County (New 
Jersey) Mosquito Extermination Commission, used (19S5) the fol- 
lowing modification of the Ginsburg formula : 


100 gallons fuel oil at 6% cents $ 6.50 

6 gallons pyrethrum extract (15 pounds of flowers per gal- 
lon) at $3.50 21.00 

8 pounds Gardinol W. A. paste at 27 cents 2.16 

60 gallons water 

Labor and equipment time 5 AO 

Total $35.06 

Stock larvicide (156 gallons) at 22% cents per gallon 
Spray gallons (diluted 1 to 10) at 2^1 cents per gallon 


On this basis, the modified Ginsburg formula costs considerably less 
than oil, assuming equal killing efficiency, and about the same cost of 
application. 

The formula generally used at present is : 

6 gallons of kerosene or light oil (distillate) 

114 quarts (40 fl. oz. or 114-0 cc.) of 2% pyrethrum extract 
3 gallons of water 

6 ounces of emulsifier (Gardinol W. A. Concentrated, or equivalent ; 
for fresh-water work 24 fl. oz. of 40% liquid soap, or equivalent in dry 
soap powder, may be substituted) 

To prepare the stock emulsion the emulsifier, if water soluble, is 
added to the water and thoroughly mixed in the tank (pow’'er-operated 
mixing equipment is necessary for satisfactory results). The pyreth- 
rum extract is then mixed with the oil and added slowly to the water 
with violent agitation plus jetting hack into the tank via the high- 
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pressure pump. This is continued until a homogeneous stock emul- 
sion is obtained. Stock emulsion should preferably be made fresh on 
the morning of the day it is to be used. 

Before spraying, the stock emulsion is diluted in the proportion of 
one part stock to ten parts water. This dilution is then sprayed at the 
rate of about fifty gallons per acre. If dilution is made from water 
obtained in the field, the water should be strained to remove particles 
which may clog the spray nozzles. 

P5U'ethrum emulsion has received a fairly general acceptance as a 
mosquito larvicide, particularly on the east coast of the United 
States. Clarke^' is quite enthusiastic over his results with pyrethrum 
emulsion in the Des Plaines Valley iMosquito Abatement District 
(Illinois) . Bees in Utah, after an initial unsatisfactory experience^® 
with this material, has recently^® been using it within Salt Lake City, 
and in situations where oil would be objected to, but oil is still the 
principal larvicidal material used in that district. 

Our experience with pyrethrum larvicide has been that under Cali- 
fornia conditions it cannot compete on a cost basis or in effectiveness 
with available petroleum oils. All the California districts which have 
used it have reached the same conclusion. However, Robinson®® at Mo- 
desto used large quantities in the first year of work for the East Side 
Mosquito Abatement District, at considerably greater cost than for 
oil, as a method of overcoming an initial prejudice by farmers to the 
use of oil. For this purpose pyrethrum was highly successful, but 
after the first year the more economical diesel oil has been used almost 
exclusively. The advantages or disadvantages of pyrethrum larvicide 
depend so much on local costs and conditions that we suggest that each 
agency determine for itself the relative merits of this formula as com- 
pared with oil, after actual field trials of the material and after taking 
all costs into consideration. 

Mosquito abatement agencies that have either power spraying 
equipment or power mixing equipment can manufacture their own 
pyrethrum emulsion, purchasing the pyrethrum concentrate, emulsi- 
fier, and oil. Agencies without such equipment can purchase the ma- 
terial ready mixed in concentrated form, ready to dilute for spraying, 
from insecticide manufacturers. If considerable time may elapse 
between manufacture of the emulsion concentrate and its use, the 
pyrethrum concentrate should be kept in a separate container from 
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the emulsion (oil and saponifier) concentrate and not be mixed until 
the spray is to be used. 

For shipment to the South Pacific on Navy contract we devised for 
a manufacturer an improved method of making and packaging py- 
rethrum emulsion. Five gallons, less one pint, of a highly concen- 
trated sodium lauryl sulphate and kerosene emulsion are placed in a 
five-gallon can; one pint of extra strength (30:1) pyrethrum con- 
centrate is placed in a one-pint can. Two five-gallon cans are placed 
in a wood box, a tw’^o-by-two-inch wood strip placed diagonally on top 
of these cans, the one-pint pyrethrum cans laid flat on either side of 
the strip, and the top nailed on. When ready to be used, the pyreth- 
rum concentrate is added to the emulsion in the five-gallon can, thor- 
oughly shaken, and then diluted for spraying. By this method the 
larvicide can be shipped long distances and arrive with its toxicity un- 
impaired. 

Under some conditions it may be advisable to use an anti-oxidant 
(hydroquinone, pyrogallol, or the like) to retard deterioration of 
pyrethrum concentrates. 

The quantities of diluted (1:10 or more) spray emulsion which 
will be required for adequate killing of mosquito larvae and pupae 
appear to vary widely according to conditions in the breeding water, 
and are influenced also by the size of the oil droplets®^ in the emulsion 
and the method of application. The material should be sprayed care- 
fully so as to minimize further dilution by keeping it in a relatively 
thin layer at the w^ater surface. The usual range of quantities appears 
to be between forty and sixty spray gallons per acre of water surface. 

Emulsifiers - 

A wide variety of materials are now available as emulsifiers, but 
the subject of emulsifiers is a complex one, and any person requiring 
information or assistance concerning them is advised to consult a 
competent chemist, particularly one wuth soap manufacturing experi- 
ence. Various cheap soaps, such as rosin soap or whale oil soap, can he 
used for emulsions for fresh-water spraying. Various sulphonated 
oils have been prepared which give more stable emulsions than soaps. 
In addition, there is a large number of complex organic chemicals 
which are excellent emulsifiers, especially in hard or brackish waters 
which promptly break down soap emulsions. Some of these emulsifiers 
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are water soluble (W.S.), and are added to the water; others are oil 
soluble (O.S.) and are added to the oil in making emulsions. 

Paris green 

One of the most successful of all larvicides, when used against sur- 
face-feeding mosquito larvae (anophelines) , is Paris green [copper 
aceto-arsenite (CuHAsOg -f- SCuGaHgOa) ] applied as a dust to the 
water surface. This material is especially suitable to aeroplane dust- 
ing operations, but may also be dusted by hand or applied by ma- 
chine blowers. The Paris green is diluted with road dust, hydrated 
lime, powdered charcoal, powdered talc (soapstone), or other inert 
finely powdered material. It apparently acts as an internal poison, 
the particles of Paris green being taken into the digestive tract with 
food materials. 

Paris green can also be used against bottom-feeding species, by 
adding it to moist sand and scattering this sand in breeding pools. 
We have found this Paris green and sand mixture to be fairly effec- 
tive in killing the larvae of Culesc B^ndi Aedes species, but mosquito 
pupae are unaffected since they do not feed. For successful use it 
should be applied before pupation has occurred. 

Griffitts®® used Paris green diluted with moist sand as a larvieide 
against bottom-feeding mosquito larvae. CooP^ used Paris green 
diluted with ninety-nine parts (by volume) of moist sand, and ob- 
tained excellent results Anopheles as well as Culecc and 

^(^d^^ larvaci Apparently the application with moist sand caused 
sufficient Paris green particles to remain floating on the water sur- 
face (having become detached from the sand grains) and to be effec- 
tive against larvae as well as against the subsurface feed- 

ers. Cook applied the Paris green by hand, using successfully as low 
as one-fifth pound of Paris green per acre. The sand should be moist 
enough to make the Paris green stick to it, but not so moist that it 
will cake and not spread well wdien hand-cast. Cook found a substan- 
tial saving with Paris green as compared with oil. 

There are, however, certain limitations to be put upon the fore- 
going generalizations. Bussell and WesF^ found that Paris green 
diluted with finely powdered charcoal would kill most of the larvae 
of Culew quinquefasciatibs as well as the larvae of Anopheles mos- 
quitoes. This is probably explainable by the fact that some species 
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of mosquitoes which are normally bottom feeders will occasionally, or 
even frequently, feed at the surface, bending the abdominal segments 
and rotating the head so as to bring the mouth parts in contact with 
the water surface while still maintaining the breathing siphon at the 
water surface. We have noticed this frequently with Culew pipiem 
and occasionally with other Culew species. Such species as are nor- 
mally bottom feeders but may occasionally feed at the surface would 
be killed at least in part by Paris green dust applied to the water 
surface. 

Paris green is usually mixed with the diluent in varying propor- 
tions according to the method of application. For hand scattering, 
one or two per cent of Paris green is mixed with the diluent ; for hand- 
operated blowers, 5 per cent to 10 x^er cent; for power-operated 
blowers, 10 per cent to 15 per cent ; for aeroplane dusting, S5 per cent 
to 50 per cent. (Note : 38.33 per cent is the usual mixture.) 

It is probably a wise precaution to do a certain amount of experi- 
menting to find the lowest percentage of Paris green which can be 
used effectively, and the safe minimum weight of Paris green per acre 
of water surface. Such experimenting, if done in the laboratory, 
should be checked by actual field tests. 

As to the total quantity of Paris green to be applied, there is some 
variance of opinion among users. This variance is probably due to 
differences in character of the areas treated, and sufficient experi- 
menting should be done in all cases to determine the minimum effec- 
tive dosage for a particular area and method. Cook and Williams^® 
found about one pound of Paris green per acre necessary at Quantico 
Bay, when applied by aeroplane. King and Bradley®® in Louisiana 
found one-half pound per acre sufficient with a safe margin. Chalam®'^ 
in India used from one-fourth pound to two pounds per acre on rice 
fields, and as high as four pounds per acre where the water surface 
was thickly covered with water hyacinths. Barber and Ilayne,®® as 
a result of their experiments in 19^1, recommended about 0.43 ounce 
avoirdupois to 1000 square feet, or about 1,17 pounds per acre. 
HacketP recommends a liter (1^50 grams) per 10,000 square me- 
ters of water surface, which is equivalent to about 1.35 pounds per 
acre. 

Commercial Paris green is not uniform in its composition and two 
factors, the percentage of arsenic and the fineness and uniformity of 
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particle size of the material, seem to have a marked effect on its tox- 
icity to mosquito larvae. The percentage of arsenic expressed as 
AsoOh should be not less than fifty per cent; apparently higher per- 
centages of arsenic make the Paris green more toxic. Pure Paris green 
theoretically should contain S6.62 per cent of arsenic as AsoOs- All 
of the Paris green should pass a SOO-mesh-per-inch screen; and the 
product is to be preferred which will leave a relatively small amount 
that does not pass through a bolting cloth of S50 meshes per inch. 
Apparently Paris greens which have a deep green color are more toxic 
than those of a paler or duller green color. 

Thei'e are now being marketed Paris greens specially prepared 
for use as mosquito larvicides. Manufacturers’ claims should be sub- 
jected to practical field tests, and the various Paris greens available 
in any locality should be subjected to controlled experiments on mos- 
quito larvae before making any extensive purchases. 

The Tennessee Valley Authority used in 194iS the following speci- 
fications for Paris green : 

The Paris green must be of a fineness such that approximately 100% will 
pass a 200-mesh screen and approximately 86% pass a 300-mesh screen. It 
must contain 55% arsenous oxide with no more than 2%% being soluble in 
water. The Paris green must be lethal to anopheline larvae when applied in 
natural breeding areas and shall weigh not less than 75 pounds per cubic foot. 
Shipment must be made in light metal drums containing about 100 pounds of 
Paris green. 

E. L. Bishop, M.D., Director of Health of the Tennessee Valley 
Authority, has written us (November 6, 194i3) concerning the charac- 
teristics of Paris green as related to toxicity to larvae, and as affect- 
ing the method of distribution, as follows : 

We apply our Paris green chiefly by airplane although some of it is applied 
by hand dusters and boat dusters. In writing up specifications for Paris green 
for use in airplane dusting, we are faced with two conflicting factors. In gen- 
eral, the finer the particle size, the more toxic will he the Paris green to 
Anopheles larvae; however, when applying the material by airplane even slight 
breezes will cause the dust to drift away from the treatment area if the par- 
ticles are too fine. A number of years ago when the specifications now in use by 
the TVA, the Army and Navy, the Public Health Service, etc., were written, 
most of the Paris green commercially available was of a relatively large par- 
ticle size, and the specifications were, therefore, intended to insure that the 
material would be sufficiently fine to be effective against Anopheles larvae. 
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However, in recent years there has been a general tendency to decrease the 
particle size in manufacturing Paris green for general agricultural use in order 
to increase its toxicity. As a result, most commercially available Paris greens 
now appear to be of such a fine particle size that it is difficult to obtain satisfac- 
tory distribution by airplane because of the greatly increased drift. During the 
past year, we have been conducting tests to arrive at a particle size specification 
which would insure the particles being small enough to be ingested and effec- 
tively toxic against the larvae, and yet large enough that they could he dis- 
tributed by airplane without excessive drift. These studies have involved 
mainly investigations on the maximum size of particles which can be ingested 
by the various larval instars and the determination of relative toxicities of dusts 
of different particle size. From this, we have drawn up specifications for a 
theoretically ideal larvidde for airplane dusting and have submitted these 
specifications to various insecticidal companies to see how near they could ap- 
proach them from a practical standpoint of manufacture. Although, as we ex- 
pected, it does not appear likely that we may be able to obtain a perfect Paris 
green for airplane dusting from the standpoint of particle size, it does appear 
that with slight modifications of the manufacturing process we may be able to 
obtain a Paris green which is much more suitable than that ordinarily found on 
the market today. We have tentatively selected the following specification with 
reference to particle size : 

At least 95% shall pass a 200-mesh screen and at least 86%; shall 
pass a 325-mesh screen; at least 75% shall consist of particles 20 
microns or greater in diameter (all percentages are by weight), 

It appears that this specification or one very similar to it will not be difficult 
to meet from the manufacturer’s standpoint and will greatly improve the effi- 
ciency of our airplane dusting for the control of Anopheles qtiadrhnaculatus. 

In using Paris green, investigations should be made as to the suit- 
ability and cost of materials locally available as diliient dusts. Theo- 
retically the diluent should be very finely ground and reasonably uni- 
form in size ; it should be inert and of low specific gravity for hand- 
casting or power-blowing. For aeroplane application a dust diluent 
of relatively high specific gravity may be desirable. 

The electric charge upon the particles of the diluent also has some 
bearing on the choice of material. Paris green has a weakly negative 
charge. Plydrated lime has a positive charge, so that any tendency to 
separate from Paris green under dispersed conditions in the air will 
be slight, whereas powdered talc has a negative charge, and therefore 
the Paris green and the talc will tend to separate in the air. Using aero- 
planes, where it is desired that the dust be thrown down rapidly onto 
the water surface, powdered talc may be preferred in spite of the nega- 
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tive charge because its greater density will carry it and the Paris 
green down rapidly, before appreciable separation has occurred. Us- 
ing hand dusters, or mechanical dusters from boats, the positively 
charged and lighter hydrated lime, which will give a longer “float” or 
“carry,” may be preferred. 

A wide variety of materials has been used as diluents for Paris 
green. Powdered talc or soapstone can be obtained finely ground to a 
definite maximum size, usually at a comparatively low price. It is in- 
ert, and insoluble in water. Hydrated lime is available commercially 
almost anywhere at a fairly low price, but it tends to pack or arch in 
blowers, will cake on standing for long periods (especially in moist 
climates), and may be unpleasant to use because of its effects on the 
skin and nasal passages. It is slightly soluble in water. Common dust 
has been used successfully, but it may not always be available in 
quantity, and must be finely screened to remove all coarse particles. 
Finely ground charcoal is light and floats well but is usually rather 
costly as compared with other materials. Tufa properly ground would 
probably be a satisfactory dust, and in regions where loess deposits 
are available good fine dust can probably be obtained by loess 
screening. 

In addition to application as a dust, Paris green may be applied in 
liquid form as a spray. Grant, Newman, and Wood"^® experimented 
on colloidal Paris green as a larvicide. It w^as found that Paris green 
dissolved in concentrated ammonia (NH,iOH) and then added to 
large volumes of water produced a colloidal solution of considerable 
toxicity to mosquito larvae. 

The maximum quantity of Paris green soluble in ammonia will 
vary with the brand and will probably range in the neighborhood of 
50 grams per 100 cubic centimeters. In the experimental work a so- 
lution of 20 grams to 100 cubic centimeters of concentrated ammo- 
nia was used. Five drops of this solution stirred into a liter of water 
gave a colloidal solution containing about 0.125 gram Paris green 
per liter, with a noticeable green color, from which the Paris green 
settled out slowly, taking more than a week for the greater part to be 
precipitated. Using Culeoo apicalis larvae in half-gallon glass jars, 
the material in dilutions of 1 to 5,000,000 killed in from nineteen 
hours to three days. For practical purposes, the rate of application 
would probably have to be increased to 1 to 2,000,000 or perhaps 1 
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to IjOOOjOOO to get greater rapidity and certainty of kill, and to 
allow a safety factor to care for irregularities in field application, 
Studies as to toxicity to fish and water fowl should also be made, For 
convenience of application and reduction of labor costs, the highest 
concentration which can be used in the spray and still maintain col- 
loidal dispersion should also be determined. This method appears to 
have interesting possibilities under some conditions, and to be worth 
further experimentation. 

Barber, Rice, and Mandekos^^ have tried a method of applying 
Paris green without the use of a dust. Ten grams of Paris green are 
dispersed in 20 cc. of kerosene, and this mixture is agitated with 250 
volumes of water and then sprayed. It can also be applied to pebbles, 
which are thrown into pools and ponds. The kerosene brings the Paris 
green to the surface of the water. 

CovelP^ has presented an excellent summary of the methods of ap- 
plying Paris green. His book has a very good bibliography, and is 
especially valuable to mosquito control workers in tropical regions. 

Dichlobo-diphenyl-tiiichloroethane 

A material which appears to be a very powerful cuHcide is dichloro- 
diphenyl-trichloroethane, which was first synthesized^® in 1874. It has 
the composition 

2, 2 - bis (p-chlorophenyl) - 1, 1, 1, tricliloroethane. 

It was prepared by heating an anhydrous mixture of chloral and 
chlorobenzene with concentrated sulphuric acid. The product occurs 
as matted needles which melt at 105° C. Apparently it was originally 
known as the “Swiss insecticide,” and has recently been given the trade 
name of Gesarol. It is also referred to by the abbreviation “DI)T.” In 
1942 certain insecticidal uses of this material were pateiited'^^ (U.S. 
patent ,074, and British patent 547,874, both being assigned 
to R. G. Geigy A. G., Basel, Switzerland), the British patent being 
for insectiGidal compositions of the general formula R R' CHCXXX, 
in which R is an organic radical containing three carbon atoms, R' 
contains five carbon atoms, and X is either chlorine or bromine. 

It is anticipated that this material, or some of its derivatives or 
modifications, may take the place of pyrethrum for the destruction 
of both larvae and adult mosquitoes, except possibly in aerosol 
sprays. It apparently is toxic to mosquitoes in higher dilutions than 
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pyretlirins, is more stable and lasting in its effects, and when made in 
quantity commercially should be less expensive than pyrethrins. Ade- 
quate studies of its toxicity to man, birds, fish, and other forms of 
animal life have not been published as yet, but it is apparently not 
toxic to man in the dilutions used. The patents claim that it is non- 
irritative to man in powdered form when mixed with finely divided 
diluents. 

As a laindcide DDT may be substituted for Paris green in dusts, 
diluting one part with about four parts of powdered talc, or with 
equal parts of calcium stearate. Approximately the same quantity is 
used as with Paris green (one-half pound to two pounds per acre of 
active ingredient) , but its effects apparently are more lasting. It can 
also be dissolved in acetone, from which solution it can be dispersed in 
water and sprayed ; applied in this manner it appears to be several 
times more toxic than phenothiazine. Dissolved in kerosene or pe- 
troleum distillate (S.5 per cent solution), it is highly effective as a 
larvicide when applied at the rate of 0.1 pound of Gesarol per acre.^° 
It can also be dissolved in various solvents such as alcohols, or in 
cellosolve (ethylene glycol raonophenyl ether) , and applied to water. 
In our laboratory, using a solution in ethyl alcohol of a small quantity 
of DDT made in the laboratory, the following results were obtained 
with larvae and pupae of torsaKs: 


Table 8. Effect of DDT on Culex tarsalis larvae and pupae 


Dilution 
(by weight) 

Number of 
larvae 

Number of 
pupae 

Effect 

1 to 1,000,000 

50 

- 

All killed in 25 minutes 

1 to 6,000,000 

50 

10 

Ail larvae killed in less 
than 12 hours 

All pupae killed in less 
than 30 hours 

i to 100,000,000 

50 

10 

All larvae killed in 12 
hours 

All pupae killed in 48 
hours 

1 to 600,000,000 

60 

10 

6 larvae and 6 pupae 
still living after 48 
hours 
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In the only field test which we were able to make (December 7—9, 
194i3) , a corner of a drain breeding was cut oflf by a 

small earth dam. The area was sis square feet, and the depth aver- 
aged three inches. Something over SOO larvae and 100 pupae were 
trapped in this corner. The water was slightly muddy and had a high 
dissolved organic content. DDT was applied to give a dilution of 
about 1 to IOO5OOO5OOO. At the end of twenty hours no larvae were 
found at the w’^ater surface; very few of the pupae were killed, though 
manjywere apparently in distress. At the end of twenty-six hours one 
fourth instar larva still survived, and six pupae were still alive. 
Larvae and pupae (controls) in adjacent parts of the drain were 
normal. 

The residue effect of DDT is evidently appreciable. Small glass 
jars in which a 1 to 1,000,000 dilution of DDT had been used were 
emptied, and fresh clean water, plus larvae and pupae, was added. 
The next morning all larvae and pupae were dead. These jars were 
again emptied and I’efilled, with the same result. 

Phenothiazine 

Phenothiazine^®— thiodiphenylamine or (C 6 H 4 ) 2 SNH — ^lias been 
used by the United States Public Health Service for the control of 
mosquito breeding, especially Aedes aegypti, in artificial containers. 
It is a pale yellow-green powder, and is practically insoluble in water. 
It is relatively stable when kept dry, but oxidizes slowly when ex- 
posed to air and moisture. In the quantities used against mosquitoes it 
is non-toxic to warm-blooded animals and to plants, but wdli kill fish. 

For use as a larvicide, phenothiazine is mixed with a wetting agent 
such as sodium lauryl sulphate or other dry powdered emulsifier. Ap- 
proximately 10 per cent by weight of wetting agent and 90 p>er cent 
phenothiazine is used. Washing powders such as Dr eft and Hi-Lo 
have been used, as wetting agents. 

Very small quantities of the phenothiazine mixture will suffice to 
keep water free from mosquito larvae for several months. From two to 
four grams per fifty gallons (one barrel) is about the dosage used. For 
practical application this represents about one teaspoonful per bar- 
rel. For small pans or containers a slight amount may be dusted out 
of a salt shaker carried by the inspector. Another simple method of 
application is to mix the phenothiazine and wetting agent with a 
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glue of brown flake gelatin, paint this onto paper, and dry. The paper 
is then cut into small pieces (about one inch square). One square is 
sufficient to treat about one quart of water. 

There seems to be some difference in the toxicity of phenothiazine 
under different water conditions, and therefore at the start of opera- 
tions with this larvicide its effects in different concentrations should 
be determined by tests. 

In regions where there is much mosquito breeding in artificial con- 
tainers phenothiazine appears to be a useful, effective, and relatively 
cheap larvicide. Its use for preventing mosquito breeding in flower 
vases in cemeteries is described at page SBl. 

Miscellaneous POISONS 

Matheson and Hinman^'^ have experimented with borax (sodium 
borate) as a larvicide and report that it is effective in concentrations 
as low as 1.5 grams per liter of water. They recommend it for rain- 
water barrels and cisterns, and believe it could be used in small pools 
of water. We also have found borax to have larvicidal properties, but 
under most circumstances where borax could be used have found 
cresylic acid larvicide effective and convenient. If an unchanged ap- 
pearance of the water is a desideratum and plant and animal life is 
unimportant, borax may be used as a larvicide. 

Nicotine sulphate and nicotine have occasionally been used as mos- 
quito larvicidcs. We have tried Black leaf 4-0 st,t yslyious times on 
fresh-water breeding but ha%’’e not found it to possess sufficient merit, 
in comparison with either stove oil or cresylic acid larvicide, to jus- 
tify its use. Richardson and Shepard^® studied the toxicity of nico- 
tine and found that its toxic properties increased with increasing pH 
values, and that nicotine had greater toxicity than nicotine sulphate, 
apparently because of its greater volatility. 

A great many chemicals have been tried as mosquito larvicides both 
in the laboratory and in field experiments, and the search for new 
materials continues. Among new materials, which have been sug- 
gested as larvicides and upon which more or less experimental work 
has been done, are calcium arsenite dust mixed with chalk; white 
arsenic and copper sulphate ; chloropicrin ; calcium cyanamide ; and 
rice bran. These have been briefly reported on by Bishopp and Smith^^' 
in their summary of mosquito work throughout the world, which ap- 
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pears each year and is one of the most valuable sources of informa- 
tion and ideas available to mosquito abatement officials. In general, 
the materials mentioned in this chapter are those that are practically 
applicable and economical. New materials are frequently presented 
to mosquito abatement officials as excellent larvicides by commercial 
firms or by mere promoters ; all such materials should be thoroughly 
tested out on a basis of effectiveness and cost as applied in the field 
before use is made of them. Even when available at no cost, they may 
not he satisfactory for one or more reasons. 

For example, we experimented with the exhausted residue of py- 
rethrum flowers after the extraction of pyrethrum in the manufacture 
of insect spray. This material is still highly toxic to mosquito larvae, 
but though it was available to us without initial cost its final cost as 
applied had no advantage over oil as we had to accept it during the 
winter months, haul it, and store it until the next spring or summer. 
Its storage is very hazardous on account of fire danger. 
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XII 


METHODS OF APPLICATION OF 
OILS AND LARVICIDES 

When oil or other larvicide is necessary as an auxiliary or emer- 
gency control measure, its application to a mosquito breeding place 
should be considered with regard to the suitability, ejETectiveness, and 
relative cost of the available methods and types of equipment. The 
method of application will depend upon the type of larvicidal ma- 
terial selected for a given job, and upon the type and extent of the 
particular breeding place. Both of these variables must in turn be 
related to the costs of application. 

In the discussion of these problems, it is assumed that the particu- 
lar oil or larvicide to be applied has been carefully selected and tested, 
along the lines drawn in the preceding chapter, for its efficacy in 
killing mosquito larvae and for its suitability to the given locality 
and to the type of breeding place to be treated. In this connection 
and with special regard to the cost of application, attention is again 
directed to the fact that a low price of larvicidal material does not 
necessarily reduce the final cost of abatement. Even if, for example, 
crank case oil can be obtained free, the expense of handling and ap- 
plying it may make the final cost higher than the applied cost of an 
efficient purchased material. 

In addition to the cost of the dil or larvicide, including the ex- 
pense of handling, preparation, delivery, and storage, any method of 
application must take into account the following : 

Labor cost 

Cost of superintendence and office overhead 

Operating cost of equipment 

Charge for the transportation of equipment, materials, and workmen 

Depreciation on equipment 

Interest on equipment investment 

The total amount of work to be done will also enter into consideration, 
for unless a fairly large volume of work is required, it will usually 
not be profitable to invest in expensive power equipment for the ap- 
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plication of oils or larvicides, or even to rent such equipment. On the 
other hand, under some circumstances such equipment (for example, 
aeroplanes) offers the only means by which the work can be done at 
all, in which case there is really no choice of method. 

Hand application 

For relatively small areas, or for numerous small and widely sepa- 
rated areas, hand application of oils and larvicides is more conven- 
ient and less expensive than the use of power equipment. The cost of 
short, irregular operation, the cost of transporting the equipment, 
lost time, and interest and depreciation on power equipment under 
such circumstances more than offset the savings due to greater unit 
efficiency of power equipment. 

The simplest method of hand application of oil is to pour it on the 
water surface. This is a slow and ineffective method, and is w^asteful 
of oil. Hand spraying equipment is therefore almost universally used. 
Such equipment sprays the oil or larvicide in partly atomized form, 
resulting in a much better spread of the material. It also reduces the 
amount of walking time of the laborer by giving him a radius of ten 
to twenty feet over which the spray can be applied. 

Four main types of hand sprayers are used. The first is a simple 
container to which is attached a hand operated plunger working in a 
metal cylinder, so constructed that the air compressed on each stroke 
is driven at right angles across the upper end of a small metal tube 
extending to the bottom of the oil container. This stream of air draws 
liquid from the container and atomizes it into a fine spray. Such spray- 
ers are of small size, and have a limited usefulness in mosquito con- 
trol work. They may be used in applying pyrethrum spray to small 
ornamental garden pools or for killing adult mosquitoes in rooms, 
cellars, or other enclosed places. Simple sprayers of twm quarts’ ca- 
pacity may also be useful in house-to-house inspections as they are 
easily carried and permit immediate treatment of small breeding areas 
without returning to the truck for the larger sprayers. 

The second type of hand sprayer is a closed metal cylinder of from 
two and one-half to five gallons capacity, fitted with a brass plunger 
pump which forces air into the container until a strong pressure is 
built up. To the outlet pipe, which extends to the bottom of the con- 
tainer, is attached a piece of flexible hose and a spray nozzle. A short 
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piece of metal pipe, usually a quarter inch in diameter and about two 
feet long, is frequently attached to the flexible hose, and the spray 
nozzle attached to the far end of this pipe. In operation, the tank is 
filled about three-quarters full with oil or larvicide, the plunger is 
operated to produce the required air pressure, and the sprayer is then 
used until either the liquid or the air pressure is exhausted. Usually 
several air pumpings will be required before all the liquid in one fill- 
ing is used. This type of sprayer is handy and portable, and is most 
applicable to small areas, or where dense brush makes it difficult for 
workmen to get through with knapsack sprayers on their backs. Many 
of the cylinder spraj^ers are cheaply and lightly built, and are dam- 
aged easily in mosquito abatement work. We have had. the best re- 
sults with the Myers “Kwik-fil” sprayer, which is sturdily built to 
withstand hard usage. 

The third and fourth types are knapsack sprayers. The liquid is 
contained in metal cans of about five gallons capacity, carried on the 
backs of workmen. In one type of knapsack sprayer the liquid is fed 
by gravit}^ through a flexible hose to a pump mechanism whieli is held 
in one hand and operated by the other, being alternately puslied out 
and in to force the liquid through the spray nozzle. The other type 
has the pump set in the container, and is operated by a lever extending 
over one shoulder. A flexible hose extends from the pump to a short 
piece of quarter-inch pipe connected to a sprayer nozzle. There is still 
another type of knapsack sprayer -which is operated by a diaphragm 
pump in the bottom of the tank, but which is not satis.factory for 
oiling operations. The rubber diaphragm will not stand up under the 
action of oils, and when the tank is only partly full the handle mo- 
tion is such that the tank will shift and tend to cause sore backs on tlie 
laborers. 

For general spraying in country clear of heavy brush we find the 
knapsack sprayer with overhead handle the most satisfactory hand 
equipment. The principal defects in such sprayers are in the container 
and in the hose. The container is usually not constructed to prevent 
spilling of the liquid over the hacks of the workmen, and considerable 
soreness and discomfort often result- We have tried various protective 
coats for the workmen, but in hot weather these will not be used. The 
best device for curing the difficiilty is that developed bj’^ the Dr. Mor- 
ris district at Bakersfield, California, -^yhich consists of a galvanized 
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metal can with a lip about one and one-half inches high extending 
around and above the top. This lip prevents the spilling of any liquid 
over the backs of the workmen. The bottom of the can should also be 
protected by an additional reinforcing iron strip about one inch wide, 
brazed or welded on. 

The ordinary hose supplied with these sprayers disintegrates rap- 
idly under the action of oils and oil emulsions, seldom lasting more 
than a few weeks in service. It requires early replacement. Hose made 
with Neoprene or other oil-resistant synthetic rubber should be speci- 
fied. Well-made hose of this type will withstand oil action for several 
years if given good care. We have found that flexible metallic hose is 
not satisfactory as the soldered joints leak easily and require constant 
repairs. 

Spray nozzles are at present both a problem and a gamble. Our ob- 
servations indicate that the nozzles available at moderate price have 
defects in the form of spray, in adjustability, or in other respects re- 
sulting in waste of material during spraying, or in ineffective or un- 
even application. The standard “Bordeaux” nozzle, which is the best 
available for general low-pressure spraying, causes an appreciable 
loss of material due to a constant drip off the bottom of the nozzle. 
There is need for a better type of moderate-priced spray nozzle for 
this service. Spray guns for high pressure (SOO pounds per square 
inch, or greater) are available, which are quite satisfactory. 

On flat areas with short *‘carry” to reach A work, one man with 
a knapsack sprayer can spray about fiye acres per da}?- of eight hours. 
Long carries and dense vegetation will considerably reduce the 
amount of ground that can be covered per day. Under especially 
diflicult conditions as little as one-half an acre per day will be sprayed. 
The amount of area covered will also depend bn the amount of actual 
water surf ace to be sprayed. An area with scattered isolated pools will 
require less material and less labor time on spraying but more labor 
time on carry than an area which is nearly 100 per cent water surface. 

Liquid larvicides may be readily applied by the cylindrical hand 
sprayers. Usually such larvicides are first diluted with w^ater (about 
one to ten) in the sprayer. In treating fire barrels and other water 
vessels of moderate size, undiluted larvicide can be poured into the 
vessels and thoroughly stirred by a stick, but in general we find that 
application by a sprayer is most satisfactory, and that supplementary 



Figure 59. Aeroplane, equipped 'vvith four rotary pumps on rear edge of 
lower wing, applying oil to a mosquito breeding marsh 



Courtesy U. S. Public Health Service 

Figure 61. Applying- Paris green bj’’ a power blower mounted in a boat 
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stirring of diluted iarvieide is unnecessary, as the material diffuses 
readily. 

Soluble solids such as borax can be applied by measuring out the 
appropriate quantity and broadcasting it by hand, or simply add- 
ing it by hand to water vessels and stirring it until dissolved. 

Hand appmcation or paris green 

Paris green dusts can be applied by hand broadcasting. It is nec- 
essary to exercise precautions in either hand-casting or mechanical 
(blower) application of Paris green, to avoid the danger of poison- 
ing the laborers. The hand-casting or blowing should be done with 
the breeze, so that the material floats away from the workman; the 
men should be cautioned to keep their Angers and hands out of their 
mouths, and after working with the material they should take a com- 
plete soap and water shower bath. It is also desirable that the work- 
ing clothes be washed frequently to prevent any accumulation of Paris 
green. Chalam, in India, reports that he has done considerable hand- 
casting of Paris green dust, taking no other precaution than to keep 
to windwmrd, and has suffered no ill effects. However, with men con- 
stantly exposed to the material the precautions set forth should be en- 
forced for safety. Earle^ reports that in hand-casting Paris green in 
Porto Rico several cases of arsenic cleimatitis have developed. 

Soper and Wilson^ report that in the Anopheles gamhiae campaign 
in Brazil in 1940, 1.8 cases of arsenic poisoning resulted per 1000 
kilograms of Paris green used. The cases -were mostly dermatitis of the 
hands and forearms, vesicles on the upper lip and nose, scrotal ulcers, 
and nose bleed. They recommended daily complete bathing, and care- 
ful cleaning of the finger nails. Those suffering from persistent or 
severe cases of arsenic poisoning were transferred to other work, and 
promptly recovered. 

Hackett® estimates that one man can prepare and distribute the 
Paris green over SOOO square meters (S1,5SS square feet or nearly 
one-half acre) of water surface per day. He does not state whether 
this is by hand-casting or by the use of a small bellows blower, but it 
appears to be by blowers. The stated coverage of slightly less than 
one-half acre per man per day appears to be very low, and on the 
face of it would indicate either a low labor efficiency or a relatively 
very high cost of application of Paris green by hand methods. Tin- 
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der fairly comparable conditions, we would expect one man to apply 
oil to from three to five acres in an eight hour day, as contrasted with 
a mere half-acre per day for Paris green. 

Soper and Wilson^ in Brazil applied Paris green by three methods : 
1 ) dry ; S) liquid ; and S) moist. The dry method was used during the 
dry season when dust or dry fine earth could be obtained locally ; the 
liquid (wet) method was used during the rainy season; the moist 
method was used in the transitional period between seasons. 

For the dry method, one kilogram of dry dust, dry pulverized 
earth, or even fine dry gravel was mixed thoroughly with ten grams 
of Paris green, repeating the operation until a bucket was filled to 
the five kilogram mark. This mixture was then scattered by hand. 
The duster was provided with a bucket, a small scoop for mixing, a 
standard measure for ten grams of Paris green, and a supply of Paris 
green. 

For the wet method, a stock mixture was made of Paris green and 
kerosene or diesel oil at the rate of one gram of Paris green to 2 cc. of 
oil. This stock mixture is put up in vials holding 25 cc., which are car- 
ried in a special type cartridge belt. In the field the contents of one vial 
is mixed with five liters of water and sprayed from a cylindrical pres- 
sure sprayer. Two liters of W 2 }.ter, strained through a strainer funnel, 
are first placed in the sprayei*, the Paris green added, and the mixture 
thoroughly shaken ; then the remaining three liters of water are added 
and '\to 11 shaken. This mixture is then sprayed, taking care to keep 
the liquid reasonably agitated. 

For the moist method, moist sand, small pebbles, or even coarse 
dirt is moistened with the Paris green—oil mixture and scattered by 
hand. 

In both the wet and the moist methods the oil helps to bring the 
Paris green to the water surface. 

(Note: for practical purposes liters and quarts are interchange- 
able — 1 liter equals 1.057 U.S. quarts. Also, 30 cc. approximately 
equals one fluid ounce.) 

Various types of hand blowers are avttilable for apptying Paris 
green dusts. In general, the rotary type of blower is better than the 
bellows type. LePrince and JohnsoiP have developed a simple power 
blower for dust, which can be operated by one man in a small boat. 
Using fifteen per cent Paris green in hydrated lime, a path at least 



lieavy paper mortars, which are expendable, could be devised. 


Power SPRAYING 

Where any considerable area is to be sprayed, the use of power 
sprayers will be found advantageous, provided the power equipment 
can be brought within reasonable reaching distance of the area to be 
sprayed. We have tried out power spraying on the Pacific Coast on 
several occasions and have found it to be more economical, more ef- 
fective, and much more rapid than hand spraying. For example, an 
area near Alvarado in Alameda County^ California, was sprayed by 
knapsack sprayers in September, 19S1, and by a power sprayer in 
September, 193S. The power equipment consisted of a truck-mounted 
triplex plunger pump driven by a gasoline engine. It delivered oil at 
300 pounds per square inch pressure to three-quarter inch hose con- 
nections. Two thousand feet of three-quarter inch liigh-pressure hose 
were furnished. 

Careful records of cost were kept by Clark, and areas sprayed 
were measured by planimeter from aerial photograpliic maps. Using 
knapsack sprayers in 1931, 88,3 acres w^ere oiled at a total cost of 
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$4TT5 or $6.40 per acre. Using a power sprayer in 19S^5 85 acres 
were sprayed at a total cost of $266, or $8.12 per acre. 

The very definite advantages of machine spraying are best shown by the fol- 
lowing tables of comparison : 

Machine Spraying Hand Spraying 

Cost per acre. .$3.12 Cost per acre .$5.40 

Gals, oil per acre. ....... .22% Gals, oil per acre .32 

Man-Hours per Acre Man-Hours per Acre 


Labor 

,86 

Labor 

6.0 

Foreman 

.37 

Foreman 

.72 

Supt. 

.37 

Supt. 

.37 


Doane and Steel® used the same equipment at Palo Alto, Califor- 
nia, in 1932, and found that it cost from 2.7 cents to 8 cents per gal- 
lon to apply oil with the power sprayer, as compared with a cost of 
about 12 cents per gallon using knapsack sprayers. The much greater 
speed with which the power sprayer covered the area was an important 
factor. 

Clark'^ made an investigation to determine whether it would be more 
economical to own power spraying equipment or to rent it as required. 
A power sprayer, with 2000 feet of high-pressure hose and fittings, 
costing $698 in 1982, was selected for comparison. The fixed annual 
charges on this equipment were as follows : 


Interest @5% $ 35.00 

Depreciation on hose and fittings — 60% on $306.60 . .... . . . . . 162,76 

(Life of hose considered to be 2 years) 

Depreciation on machine — 20% on $392.00 . . . . ..... ....... 78.40 

(Life of machine considered to be 6 years) 

Eepairs for equipment — 7%% on $392.00 29.40 

Total Fixed Annual Charges $296.65 

The daily operating costs were estimated to be : 

Operator $6.00 

6 gals, gasoline 90 

2 qts, oil 52 

20 miles transportation @ 10^^ per mile 2.00 

Total Daily Cost of Owned Equipment 


$9.42 



Figure 63, Rubber-tired trailer oiling equipmeut 
used in extensive flood water areas 


Photograph hy F. L. Hayes 
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The daily rental charge for a similar machine was : 

Eental @ $1.50 per hour (ineluding operator) . . . . . . .. . . . . . . .$12.00 
Transportation— 20 miles per day @ 10^5 per mile ..... . . . . . . . 2,00 

Total Daily Cost of Bented Equipment .$ 14.00 

Clark'^ concluded as follows : 

Consequently, there is apparently a saving of $4.58 per day in favor of own- 
ing a machine, assuming that the depreciation and repair charges on owned 
equipment, and the rental charge on rented equipment, remain the same as 
stated. 

However, before any actual saving is effected, the fixed annual charges must 
be met by the savings of the operation of an owned unit as compared with the 
rental of equipment. Therefore, the $295,55 fixed annual charges must be di- 
vided by the daily saving of $4.58, giving as a result 65 days. Hence it is appar- 
ent that if a district has to oil large marsh areas for more than 65 days in a year 
it would be advisable to buy and operate its own outfit, but if less than 65 days’ 
oiling work per year is to be done, it would be more economical to rent a ma- 
chine from some commercial orchard sprayer. 

On the basis of our experience and investigations of power spraying of 
marshes for mosquito abatement, we have drawn the following conclusions ; 

1. Power spraying is much superior to hand oiling for large areas of 
marsh, particularly if covered with much vegetation. 

2. Power spraying is cheaper in materials, labor and total cost than 
hand spraying, over any considerable area of marsh. 

3. If a District has 70 days or more per year of extensive marsh oiling, 
it will probably prove more economical to purchase and own a power 
spraying equipment of the type herein described; if not, rental of such 
equipment will probably be more economical. 

The same general method of cost analysis is valid today, substi- 
tuting, however, present wage and interest rates and prices. 

Since 1941 we have used effectively and economically a Bean Or- 
chard Sprayer, with a fifty-gallon tank and a Van Pelt hose reel, 
mounted on a trailer made from a Model A Ford frame and running 
gear. Complete with 900 feet of high-pressure hose, the equipment cost 
$696. 

One type of pump equipment which appears to have possibilities, 
but which we have not seen tried, is the small gear-tooth rotary high- 
pressure pump. This pump can be attached by a gear train and 
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clutch to any truck engine which has a power take-olf. Such pumps 
will deliver two or three gallons per minute at about S50 to 800 
pounds per square inch pressure. The pump with gears, clutch, and 
housing can be installed under the hood for about $75. Hose, nozzles 
and fittings would be additional. The power efficiency using the truck 
engine to drive such a small pump would be very low, however. 

Some of the county mosquito extermination commissions in New 
Jersey use tank trucks, some with considerable liquid capacity, the 
trucks being equipped with special pumps for spraying. 

The New York City health department has also developed and uses 
successfully tank trucks combined with power spraying units. Obvi- 
ously, large heavy tank trucks can operate successfully only where 
hard surfaced roads or very firm, fairly level ground permits them to 
get within reasonable hose lengths of the breeding area. 

Extensive areas of shallow water a few inches to two or three feet 
deep, standing upon soft ground or marsh, may present a very diffi- 
cult problem. Permanent shallow flooding should be handled by drain- 
age, but in certain types of terrain the backwater from floods cannot 
be so controlled, and mosquito abatement may then be a serious and 
expensive problem with ordinary equipment. Much of this type of 
flooding is too deep to wade in and too shallow to row a boat on. Sev- 
eral types of equipment have been devised for the purpose of penetra- 
tion through or travel across such areas. Contractors and engineers 
working in extensive swamps have developed an amphibian rig, with a 
boat body and very large pneumatic tires, which can progress on both 
land and water. By installing oil tanks and a high-pressure pump and 
sprayers, this type of equipment can cover almost any type of flooded 
area, oiling as it goes, and is not stopped or stuck by sloughs or pot- 
holes. It is also able to penetrate ordinary jungles of brush or other 
vegetation. The military amphibious landing barge would make an 
excellent vehicle for this type of work, if available after the present 
war.:'""' ■ 

J. L. Clarke^ has developed several types of mechanized equipment 
for the rapid and economical application of sprays under difficult 
ground conditions. Large-tired (18% x four-wheel-drive trucks 
with power spraying equipment are variously designated as “marsh 
buggies,” “skeeter-eaters,” “sw'amp angels,” “puddle- jumpers,” and 
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“dinosaurs.” The “skeeter-eater” cost $4£G0. Clarke also uses a 
power barge for spraying. He is enthusiastic concerning the per- 
formance and economy of this mechanized equipment in the Des 
Plaines District in Illinois. 

F. L. Hayes of Bakersfieldj California, has developed tractor-type 
equipment with trailers for shallow doodway oiling. His first machine 
was mounted on very large pneumatic tires, with the trailer carrying 
a 600 gallon oil tank and the pump. His second macliine is powered 
by a Caterpillar 35 tractor with twenty inch treads, the trailer also 
being mounted on twenty inch tracklayer treads. The trailer mounts 
an 800 gallon oil tank, pump, and spraying equipment, and is pro- 
vided with a stout railing to keep the workmen from being tossed of 
the trailer when progressing over rough ground. An exti*a 160 feet 
of hose is carried on a reel, with which to reach places difficult of access. 

These rigs operate successfully in a two foot depth of water and 
with reasonable precaution seldom require help to get through. They 
are used for oiling the floodway of the Kern Fiver after the floods, a 
large area which produces immense crops of Aedes vemns and Culew 
tarsalis. The rigs cover this area effectively within the time limit 
necessary to prevent flights of Aedes msoans, which in years of heavy 
floods could not be successfully done by hand spraying methods. If a 
Peerless-Bean orchard-spray gun with 185 pounds pressure is used, 
one nozzle can oil a windrow about ISO feet wide at two and one-half 
miles per hour on reasonably open ground. As two men are usually 
wnrked, one on each side of the trailer, a strip over SOO feet wude can 
be covered, which would be at a rate of about fifty-six acres per hour, 
or 448 acres per day. Time lost in travel to replenish the oil, difficult 
ground, and other delays probably reduce the total area per day 
somewhat below this figure. 

The relative cost advantages of power spraying with mechanized 
equipment will vary. Obviously, a comparatively large volume of 
spraying work is necessary to justify the investment cost of such 
equipment, if cost alone is a controlling factor. Where large volumes 
of spraying of extensive areas are required, the question always oc- 
curs, “Would not the cost of drainage, fill, or reclamation be less than 
the capitalized cost of such spraying?” or “Could not naturalistic 
control measures be profitably substituted for spraying.?” Of course, 
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where w^age rates are high a greater mechanization will be justified 
than where wage rates are low, and where labor is very scarce, com- 
plete mechanization may be necessary. Complete mechanization may 
also be necessary where the nature of the ground is such that men on 
foot cannot cover the area, and it may also be essential where there 
are restricted time limits in which to destroy a mosquito hatch. 

Application OF OIL BY A WATER STREAM 

One of the best methods of applying oil on a reservoir or other rela- 
tively large body of water is to use a strong stream of water as the pro- 
pelling medium. 

A small (one and one-half inch) gasoline-motor-driven centrifugal 
pump may be mounted in a launch, taking its suction from the reser- 
voir water and discharging through a length of hose fitted with a 
fire-type nozzle. Oil is introduced by a small (one-half inch) pipe 
from an oil barrel, connected to the pump suction pipe, the rate of oil 
feed being controlled by a valve in the oil feed pipe. Such a pump can 
throw the oil-water mixture 100 feet or more, well beyond the range 
of hand or pneumatic sprayers, especially against a wind. The strong 
water stream will also break up fioatage masses and carry the oil 
through vegetation into protected breeding places. With the equip- 
ment described, the boat Can be kept off shore in deep water, thus* re- 
ducing the possibility of propeller damage or of lost time from 
grounding. Wliile the Water pump can be connected to the engine of a 
power boat, it is recommended that for fiexibility in operation the 
pump have a separate engine. For the same reason, power blowers for 
Paris green, when mounted in boats, should have a separate engine di- 
rectly connected to the rotary bioWer. 

Comparative costs of applying larvicidal materials 

It is unfoi-tunate that adequate data On the comparative cost of 
applying oils, Paris green, and other larvicidal materials are not 
available. Apparently few mosquito abatement agencies attempt to 
analyze the cost of such operations, and to break them down into com- 
ponent parts on a logical basis of unit quantities of work performed, 
so that valid comparisons of costs can be made. 

Units of work performed would have to be generally accepted as a 
basis of unit costs. For swamps and marshes, the area in acres is prob- 
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ably an acceptable base for measnrement of work performed, but it is 
difBcult to define “area.” Shall “ area” be limited strictly to water sur- 
face only, or shall the entire marsh area be included? If the former, 
how much effort is justified in measuring the actual water surface 
treated? Can an estimate of the percentage of marsh surface covered 
by water be sufficiently close for reasonable unit cost estimates? 

The measurement of some types of larvicidal work is not readily 
expressed on an area basis. The unit base for relatively narrow ditches 
or small stream beds is more easily and perhaps more logically ex- 
pressed as a length, though measurement of wmrk on wide ditches and 
stream beds can be expressed as an area. A good deal of larvicidal work 
is on a “spot” basis, for which neither area nor length is adaptable as 
a measure. 

After acceptable units of measurement of work are agreed upon, 
there is still the problem of what items enter into costs, and in what 
terms they should be expressed. Labor should be expressed in man- 
hours, and powmr equipment in machine-hours, as well as in terms of 
money. There can be much variation in the establishment of price 
rates for machine time, and wages vary in different regions. Mate- 
rials should be recorded quantitatively in gallons, pounds, or cubic 
feet, as well as in money cost, in order to evaluate price variations. 
Accessory costs, such as transportation and supervision, should also 
be recorded and included, but these will vai-y widely unless a standard 
accounting method is used. 

Until some comparable system of unit costs is adopted, it will not 
be possible to evaluate claims, for example, that pyrethrum larvicide 
is cheaper than oil, or that Paris green is cheaper than either. It is 
hoped that some organization conducting mosquito control operations 
over a considerable and varied area, and using different types of larvi- 
cidal materials, will undertake a well-planned study of methods of col- 
lecting, recording, and analyzing these costs, and of actual costs as 
they work out under a valid cost system. Too many snap judgments 
and possibly unwarranted claims have been and are being made in this 
sector of mosquito control practice. 

Application BY AEROPUANE^ 

Application of oils or dusts by aeroplane is practicable under cei*- 
tain definite conditions: 1) when the ground is so soft that access on 



260 MOSQUITO CONTEOL 

foot or by trucks is impossible or exceptionally difficult ; S) when the 
areas to be treated are extensive and continuous or practically con- 
tinuous; and 3) when it is important to obtain sufficient speed of ap- 
plication to prevent the emergence and flight of mosquitoes from ex- 
tensive breeding areas. The last condition might obtain, for example, 
where a flood w'as followed by w’arm weather, resulting in an unusual 
abundance of larvae in the flooded area. Ground transportation un- 
der such circumstances would be slow, difficult, and uncertain. 

The mechanism for applying oils from aeroplanes is varied. In 
New Jersey a simple pipe system attached to the tail of the plane has 
been used, the oil flowing by gravity from the main tank to lateral 
pipes at the tail of the plane. Dependence for breaking up the oil 
and distributing it was put on air turbulence in the rear of the plane. 

Another type of mechanism for applying liquids consists of two or 
more rotating pumps set at the rear edges of the lower wings of the 
plane, connected by shafts running forwmrd to the front edges of 
the wing to small wind-actuated propellers. The forward motion of the 
plane causes the propellers to turn, rotating the pumps wdiich throw 
the liquid outward in all directions into the slip stream. The fineness 
of spray can be regulated by the speed of rotation of the pumps and 
by the size of openings in the pump. In order to get ten to fifteen 
gallons of oil per acre (about the minimum amount practical) rela- 
tively large pump passages are necessary. The size of the feed pipe 
from the supply tank to the pumps should be reasonably large, one 
and one-half inch or even larger. 

We obtained a very satisfactory distribution of diesel oil on salt 
marshes with an aeroplane so equipped. The price of application was 
twenty-five cents per gallon and the price of the oil four and one-half 
cents per gallon. The cost on an area basis was roughly $4.S0 per 
acre, using the oil at a rate of about fifteen gallons per acre on an 
area of about one hundred acres. Practically 100 per cent kill was 
obtained in twenty-four hours. 

Tlie usual apparatus for applying dusts by aeroplane is a Ven- 
turi tube. This is simply a rectangular sheet metal tube, constricted 
at the center and flared at each end, and placed below the fuselage of 
the plane longitudinally to the direction of flight. The forward mo- 
tion of the aeroplane in flight causes a high velocity at the constricted 
throat, at which point the dust is introduced into the air stream. The 
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great air turbulence in the rear expanding section plus the turbu- 
lence of the slip stream of the plane causes the dust to be well dis- 
seminated. The Venturi tube may also be used for the application of 
liquids. The dust or liquid is carried in a hopper mounted near the cen- 
ter of balance of the aeroplane, and the rate of discharge is controlled 
by a slide valve or similar mechanism. A rotating helix, paddle, or 
other device in the hopper may be needed to prevent dusts from pack- 
ing or arching in the throat of the hopper. 

The cost of aeroplane application of liquids and dusts is influenced 
by the following factors : 

1. The length of “run” — ^long lanes of flight in applying the mateml 
are less expensive than short lanes, because less time is lost in turn- 
ing to start back on the adjacent lane 

2. Distance from the loading base to the place of application 

8. Load capacity of the plane — the larger the load the less time is lost 

4. Special hazards 

Aeroplane application is usually contracted for on the basis of a 
price per gallon of liquid or per ton of dust. A basic price for a so- 
called standard run and distance can usually be obtained, subject to 
modification according to local conditions. For areas at a consider- 
able distance from the home airport of the flying company, an extra 
charge for travel to the location of operations is usually made. Un- 
less the area to be treated is rather extensive (say 5000 acres or more) 
this item is apt to be a significant part of the cost of aeroplane ap- 
plication. ; , 

Aeroplanes may also be contracted for on the basis of an hourly 
charge for actual application time, another hourly rate for idle 
flying, including loading) time, and a mileage charge for ferrying or 
transporting runs between the operations base and the area of appli- 
cation. 

Kiker, Fairer, and Flanary^® at Wilson Dam in Alabama, in IQS'?, 
found the following quantities and costs on large-scale contract aero- 
plane dusting for the Tennessee Valley Authority : 


Total dusting days , , . ..... . , . . , . . . ^ . , , . , . . .... .... , 72 

Time aeroplane was flown , . ......... .... . . . . . . . . . . .195 hours 

Average flying time per dusting day .2^ hours 

Cumulative total extent of dusting .73,000 acres 

Total flying cost $8,360 
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Flying cost per hour .$43 

Amount of dust distributed per hour 1^,800 pounds 

Area dusted per hour 373 acres 

Amount of dust per acre per application 3% pounds 

Flying cost per acre per application 11 cents 

Dust cost per acre per application 26 cents 

Total cost per acre per application 37 cents 


In this work the Paris green was reported to have been applied at 
the rate o£ about one pound per acre per application, after prelimi- 
nary trials and checks had indicated that a rate of one-half pound 
per acre per application gave a non-uniform and inadequate control 
of the breeding of Anopheles quadrimaculatus. 

These costs are reported to compare favorably with an estimated 
cost of ninety cents per acre per application using boats and hand 
dusting. However, both costs appear to be understated. For example, 
the aeroplane costs apparently do not include a pro-rating of the 
cost of three landing fields, or of the dust handling, mixing, and trans- 
porting equipment, or depreciation, or the cost of technical supervi- 
sion, superintendence, and overhead. If all costs properly chargeable 
to the operations were included, the true total cost per acre per ap- 
plication apparently would be considerably higher. 

Where large-scale aeroplane dusting operations are to be under- 
taken, the following points should be given due consideration to in- 
sure effectiveness and economy : 

1 . The methods of purchasing, handling, mixing, and transporting the 
dust ingredients and mixed dust must be carefully studied in ad- 
vance. Probably a central mixing depot, with warehouse, an airveyor 
unloader, receiving bins, a motor-powered mixer, and a bagging ma- 
chine, located on a railroad siding for carload lot shipments, will be 

. best.' ■ 

2. Paris green and the diluent should be purchased on competitive bids 
under definite and rigid specifications. Each lot of Paris green and 
of diluent should be analyzed and tested for conformity to the speci- 
fications. Variations in weight of the diluent should be taken into 
account in preparing the mixed dust, so as to obtain uniform results 
upon application. 

3. The mixed material should be bagged in fifty pound five-ply mois- 
ture-proof paper bags, and transported to the landing fields in trucks 
or barges. 

4. Both non-dusting flying time and non-flying time should be reduced 
to the minimum possible. This may require the construction of a 
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number , of landing strips, with runways about 2000 feet long and 
300 feet wide, strategically located so that the distance from load- 
ing held to the furthest point of application does not exceed five 
miles; a loading crew of about three men, with an easily moved 
loading ladder-platform ; and a dust warehouse. 

5. Flying obstructions or hazards, such as isolated trees or small groups 
of trees along the dusting area or near the landing fields, should be 
removed if possible. Non-removable flying hazards should be shown 
on the pilot’s maps. 

6. Fljing must usually be done early in the morning as soon as sufficient 
light is available for visibility, to avoid excessive wind drift. In some 
cases late afternoon calms may permit dusting. 

7. The aeroplane should be specifically designed for this type of serv- 
ice (for example, crop-dusting aeroplanes) with relatively thick, 
high-lift aerfoil profiles, good load capacity, and great maneuver- 
ability. The dusting speed should he relatively low. 

8. The aeroplane should be provided with a Venturi type throat with 
a slotted feed of adjustable length, calibrated as to rate of discharge 
at various lengths of slot, and operated from the pilot’s seat. The 
Venturi throat preferably should be adjustable in depth of throat. 

9. The dust load should be carried in a hopper of adequate capacity, 
probably 600 pounds or more, located as near as possible to the cen- 
ter of gravity of the aeroplane. Within the limits of aeroplane ca- 
pacity and maneuverability, the greater the “pay-load” the less the 
lost time in non-dusting flight and in reloading. The hopper should be 
made absolutely dust-tight. To insure uniform delivery of dust to the 
Venturi throat, the hopper should have two agitators, one close to 
the throat, which may be driven by an impeller located on the front 
edge of either wing. The interior of the hopper should have abso- 
lutely smooth sides, with no sudden changes in direction. The hopper 
should have a dust-tight charging opening at the top. 

10. The fuselage should be dust-tight, especially the tail, to prevent dust 
from coming into the rear portion and working forward. Pilots have 
experienced unpleasant after-effects from inhaling Paris green 
dnst,^^ 

n. The width of strip or swath flown will depend upon conditions, but 
200 feet at a flying height of twenty-five to thirty feet appears to 
be usual for average conditions. Strips should be lapped slightly to 
insure thorough coverage. With dense low vegetation the aeroplane 
may be flown closer to gain tlie propeller turbulence effect in kick- 
ing the dust through the vegetation to the water surf ace. 

12. The effectiveness of dusting should be continually checked by ex- 
posure in the path of the aeroplane of dust particle slides (glass 
slides coated very lightly with petrolatum or similar material), by 
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dipping before and after treatment to determine the relative num- 
bers of larvae, and by hand or trap catches of adult mosquitoes. 

13. It will be wise to arrange flying time and aeroplane and ground 
equipment so that regular scheduled dusting can be completed in the 
first three days of each week. This leaves the last three days of each 
week as a safety margin for adverse weather conditions, emergencies, 
or for re-flying where the tests show an unsatisfactory kill. 

14. Landing fields, warehouses, depots, equipment (for mixing, trans- 
porting, and loading dust), loading labor, inspection services, and 
planning and supervisory personnel should be provided by the mos- 
quito abatement agency. Aeroplane equipment and pilots may be 
furnished by large mosquito abatement agencies, but under most 
conditions it will be cheaper and better to contract for flying serv- 
ices with an established crop-dusting concern, upon competitive 
bids. The advice of such concerns on many of the details of aero- 
plane application of dusts will be found to be very valuable. 

W. C. Murray and H. Knutsen of the United States Public Health 
Service (unpublished data made available to us), in treating during 
1943 water-chestnut or water-caltrop (Trapa natans) covered areas 
in the Potomac River below Washington, H. C., and a few adjacent 
marshes, applied by aeroplane 40,277 pounds of Paris green mixed 
with 134,955 pounds of powdered soapstone. The total area dusted 
accumulated to 32,536 acres, during an aeroplane dusting time of 
243% hours. 

This represents an average dosage of 1.24 pounds of Paris green 
per acre; the maximum rate of application was 1.52 pounds per acre. 
The ratio of Paris green to diluent was roughl}^ one to three (40,277 -r- 
175,272 = 23%). On a dusting-time basis, the rate of application 
was about 720 pounds of mixed dust per hour. The overall average 
plane flying time w^as about forty-five minutes to 100 acres, which in- 
cluded some long runs to relatively distant marshes. 

The total cost of the work, not including the commissioned person- 
nel directing the work, was $36,278.80, divided as follows : 


Aeroplane costs $23,256.84 

Materials 

Paris green at $21.80 per 100 lbs 8,780.39 

Soapstone at $9 per ton 607.60 

Labor 3,354.07 

Incidentals 280.00 

Total $36,278.80 


The unit cost was $1.12 per acre per application. 
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successfully where sprayed oil does not seem to be effective. The saw- 
dust should be soaked in a petroleum derivative oil, drained free 
from excess oil, and preferably held for several days before applica- 
tion. This can be hand cast. It seems to be most useful in cracks or 
crevices not easily reached otherwise and also where a more continu- 
ous film of oil is necessary on account of difficulty in getting to the 
breeding places, or where vegetation impedes the spread of oil. It is 
also useful in the control of mosquito breeding in rice fields, and in 
combating the mountain Aedes species, the larvae of which appear as 
the snow melts. Oiled savrdust applied just before the melting of the 
snow, at points of known or probable breeding, retains its oil until 
the melt and then distributes an effective oil film on any water in which 
these “snow” mosquitoes wnuld breed. 

For continuous oiling, oil-soaked sawdust can be placed in a sack, 
weighted down with a few rocks, and deposited in a pool or stream. 
The oil will be gradually displaced by water and fed constantly to the 
surface until exhausted. 


i;v . Drip CANS 

■ On sluggish streams or canals where mosquito breeding may occur 

along the edges, it is sometimes advantageous to maintain a continu- 
I ous application of oil in small quantity. This can be done by means 

I of a drip can, which is simply a container to hold one or more day’s 

[ supply of oil, and a feeding device which will drop a regular small 

£ quantity of oil onto the water. Drip cans may be posted at the upper 
I end of sluggish streams or canals, and with the drip adjusted to the 
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drip cans can be built with two-by-four inch lumber. The cans should 
be several feet above the water surface, so that the splash from the 
drops striking the water surface will give a better spread. 

The lighter oils such as the distillates and diesel oils will work bet- 
ter in drip cans than heavy or viscous oils. If there is any appreciable 
vegetation, an oil with high toxicity and high spreading coefficient 
should be used. 

Kusseir^ devised a mechanism consisting of a metal bin and an in- 
clined and baffled dash-plate for automatic application of Paris green 
and sand mixtures to streams in the Philippines. By its use a consider- 
able reduction in the stream-breeding Anopheles minimus flavirostris 
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automatic equipment for applying Paris green dusts to streams. If 
such devices are properly located and continuously operated, they 
should be useful in the control of stream-breeding Anopheles. 


Precautions in applying oils and larvicides 

Beference has been made in the preceding chapter to special pre- 
cautions which must be taken in applying oils or larvicides to pre- 
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vent damage to growing crops, livestock, or gardens, or to eliminate 
special hazards. 

Frequently we find in irrigated districts that residual water will 
collect in low areas of irrigated fields and remain for a sufficiently 
long time to produce and mature a crop of mosquitoes. If, as is fre- 
quently the case, this water stands among the growing crops, there 
would be material damage if it were oiled. Evei*y effort should be 
made to conduct such excess water away from growing crops by means 
of drain ditches, or at least reduce it to a level which can be oiled 
without danger of damaging any growing crops. 

We have found that some types of oils, especially the stove dis- 
tillates, when applied to water standing on grasses which are used 
for cattle feed, seem to have a deleterious effect upon grazing ani- 
mals, causing digestive disturbances and loss of weight. Under iden- 
tical conditions, where an unrefined distillate has caused damage to 
cattle, we have been able to use water-wliite kerosene without the 
slightest bad effect on cattle. We have frequently seen cattle, graz- 
ing where the kerosene was being applied, drink the water with kero- 
sene on it, without objection and with no known bad effects. 

On marshes frequented by wild fowl, it is important to avoid the 
use of heavy oils such as crank case or crudes, as these frequently do 
damage to the birds, apparently by gumming their wing feathers so 
as to make their flight impossible. As a result, many such water birds 
are killed. One of the first objections from duck clubs when oiling is 
proposed arises from the fear that such heavy oils may be used to the 
damage and destruction of marsh bird life. 

It is undesirable to use inflammable oils of any type on wet areas 
under wooden buildings, as they may cause a fire hazard. Also, light 
oils with any considerable volatile content should not be used in en- 
closed spaces where an explosion hazard may result, without taking 
special precautions so that open flames will not be used as long as the 
explosive mixture of air and oil persists. In oiling underground street 
vaults of gas, water, and telephone utilities, this condition may easily 
occur. The Pacific Gas and Electric Company has tested street vaults 
after oiling with distillates and kerosenes, and has found that dan- 
gerous mixtures do occur. 

In the immediate vicinity of food handling establishments, larvi- 
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cides with noticeable odors, such as cresylic acid larvicide, may not 
be used because the odor may be absorbed by some types of food. We 
remember one case of intense breeding under a bakery, caused by a 
broken sewer drain, where we could not use larvicide on account of 
the smell, and were afraid to use oil on account of the fire hazard. We 
had to let the neighborhood complain for a week or more until the 
drain was repaired and the water dried up. 

Oils should also be used with caution about gardens and garden 
pools. This is discussed in chapter xvi. 

Use OF ALGICIDES 

Under some types of shallow water conditions the growth of vari- 
ous types of algae (green slimes or moss) becomes so dense that not 
only are the activities of fish impaired but applications of oil become 
ineffective or only partly effective. When this is found to be the case, 
it is advisable to apply an algicide such as copper sulphate to kill off 
the organic growths. The dosage required to kill the types of organ- 
isms which give the mosquito man trouble is about two pounds per 
million gallons of water. Dosages larger than three pounds per million 
gallons should be avoided in ponds containing fish, as they will kill 
trout and less resistant species of fish. 

However, consideration may be given to the use of much larger 
dosages of copper sulphate, either to kill all vegetation, aquatic or 
emergent, in mosquito breeding water, or to kill off for a considerable 
period of time the organic food supply of mosquito larvae. If the lat- 
ter result is obtained, mosquito breeding, especially A nopheles breed- 
ing, may be stopped or greatly diminished for varying periods. 

. In moderate sized pools the copper sulphate crystals may be hand 
cast. In larger bodies of water the copper sulphate is best applied by 
placing it in sacks and dragging it, especially along the shallow areas, 
until dissolved. Usually several applications during a season will be 
required. 

For very large bodies of water several devices have been developed 
in water works practice for the rapid and economical application of 
copper sulphate. In the Los Angeles Water Department, R. F. 
Goudey uses a power device for broadcasting granular copper sul- 
phate ; G. E. Arnold in the San Francisco Water Depai'tment uses a 
spray of solution. 
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, , XIII 

MOSQUITO CONTROL BY USE OF FISH 

Ceetain species of fish are effective natural enemies of mosquito 
larvae and pupae under appropriate conditions. These are the sur- 
face feeders, the active and aggressive types preying on small aquatic 
animal life. Subject to certain limitations, fish can frequently be used 
with considerable success as supplements to basic mosquito control 
measures. 

On salt and bracldsh marshes, the killifishes (Fundulus) on the 
east coast of the United States, and the sticklebacks (Gasteroperus) 
on the west coast, are natural enemies of mosquito larvae and pupae, 
and few will be found in areas into which these fish can freely pene- 
trate. There are probably other salt and brackish water species in 
other parts of the world which are effective larva destroyers, provided 
conditions on marshes are adjusted to their requirements. The most 
important factor is usually that of access by the fish to all mosquito 
breeding areas on the marsh, but with some species an interchange or 
flow of water through tidal action may be necessary. The former can 
be obtained by properly located ditches ; the latter can be accom- 
plished by means of tide gates and weirs. 

A number of species of fish have been found useful as predators on 
mosquito larvae in various parts of the world, and this problem has 
as yet been investigated onl}!^ superficially. Adequate study of and ex- 
periment with native fishes wherever mosquitoes are a problem should 
produce results of definite value in controlling mosquito breeding. 

Connor,^ after experimenting with different fish in Ecuador, se- 
lected the “chalaco” (Dormitator latifrons) as the most satisfactory 
native fish for use in water containers. These fish have been widely 
transplanted with good results. 

John^ concludes that in India Aploclieilus lineatus is a surface- 
feeding fish preying on mosquito larvae and pupae b}’’ preference. It 
is capable of adapting itself to varied conditions, and will thrive in 
deep wells, stagnant ponds, muddy pools, and even in small artificial 
containers of water. 

Job^ found that in Bengal Aplocheilus pancJiacc destroys all aquatic 
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stages of anopheline as well as culicine mosquitoes in clean-weeded 
t railway borrow pitsj and that fish control in these borrow pits, includ- 
ing replenishment when needed, costs about one-tenth of the cost of 
control by the use of Paris green. 

Aphanius (Lebias) dispar has been reported to be useful in destroy- 
ing larvae in Abyssinia and Arabia (Bahrein Island) , 

Probably the most widely used and best known larvicidal fish are 
the top minnows of the Gamhusia genus. The two species most used 
are Gambusia ajjinis and Gamhusia liolbrooki. Gamhusia affi,nis in 
particular can be adapted to a wide range of climatic, geographic, 
and water conditions, including brackish and salt water, and even 
sewage. It apparently can be transplanted successfully into any re- 
gion where severe winter freezing does not occur, and even under such 
conditions can survive in selected locations. It has been introduced 
into various parts of the world, even over great distances, for exam- 
ple, from Texas to the Hawaiian Islands and thence to the Philip- 
pines.'* 

Gambusia AFPiNis 

Gambusia affinis is viviparous (giving birth to living young), and 
does not require a special environment. It will thrive in fairly warm 
water, but dies rapidly under freezing conditions. Because the adults 
are carnivorous and cannibalistic, it automatically regulates its num- 
bers according to the available food supply. If natural food runs 
short, the young are eaten until the number of fish is reduced to that 
which can be maintained under the particular environment. 

The female Gambusia affinis is larger than the male. Fully grown 
under normal conditions it is about one and one-half to one and three- 
quarters inches in length. The male averages about one inch in length 
when full grown. Occasional specimens are found exceeding these 
lengths, and under some special conditions numerous specimens ex- 
ceeding two inches in length (female) may be taken. The young at 
birth are about one-quarter inch in length. 

In color the fish are olive green above and silvery on the sides and 
abdomen. Seen from above in natural ponds they appear blackish; in 
a museum jar with side lighting their real color is more easily seen. 
The anal fin of the male gradually changes into an elongate organ 
of copulation, characteristic of many species of viviparous fish. 
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Grand females can be identified by a black spot on each side of the 
abdomen in front of the vent. As parturition nears, these spots in- 
crease in size and ultimately join on the ventral surface at about the 
time of giving birth. 

A female may have several broods a year, depending apparently 
on climatic conditions and available food supply. Under especially 
favorable circumstances, the increase of Gambusia is astonishing. 
Usually the young are extruded singly, and the birth of a brood may 
take from an hour to perhaps a day. A brood may contain from as 
few as four or five to as many as fifty or perhaps sixty. The females 
considerably outnumber the males. The young Gambusia grow rap- 
idly, under favorable conditions reaching full size in three or four 
months. 

An idea of the appetite of Gambusia affinis for mosquito larvae 
can be readily obtained by keeping one full-grown female in a mu- 
seum jar of tap water for two days without food, and then introduc- 
ing approximately half grown mosquito larvae in batches of ten at 
half-hourly intervals. Usually the fish will consume well over 100 
larvae in eight hours. They are so voracious that small fish have been 
observed to choke themselves to death trying to engorge larvae as 
large as themselves. 

When Gambusia are introduced into a vessel containing larvae of 
various sizes and pupae, they attack the larvae first, and do not at- 
tack the pupae until all the larvae are consumed. Whether this is be- 
cause the larvae are more easily swallowed or because the pupae tend 
to rest quietly at the surface and so escape observation is not certain. 
Undoubtedly the value oi Gambusia a-ffinis in mosquito abatement 
work lies principally in their habit of feeding mainly at the surface. 
Hildebrand® has observed that larvae, as long as they re- 

mained absolutely motionless at the surface, were not eaten. Some fish 
even ‘‘nosed” motionless larvae, apparently not detecting that they 
were alive and edible. The slightest movement by a larva is usually 
sufiicient to cause it to be snapped up. The larvae of Anopheles quad- 
rimaculatus are usually motionless and do not attract the attention of 
top minnows as do the more active larvae of A. maculipennis, which 
may be one of the reasons why the use of this fish in the control of the 
former species is not so effective. 

The public is apt to get some peculiar ideas as to the function of 
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these fish. They are commonly called “mosquito fish” and some ludi- 
crous ideas about their characteristics have had to be patiently ex- 
plained away. On numerous occasions we have had to insist that the 
Gambusia does not have wings. Some people have naively asked that 
a water bucket with a few fish in it be placed in their back yard, as 
they have heard that the fish would catch mosquitoes, which to them 
meant only the winged adults. 

Breeding gambusia 

As the Gambusia thrive best in moderately warm water, compara- 
tively shallow breeding ponds are desirable. About two feet of depth 
in a sunny location in temperate climates (partly shaded in hot cli- 
mates) is very satisfactory. Ponds that are shallower than this put 
the young fish (which tend to keep near the bottom in the early weeks 
of their existence) at a disadvantage in escaping the cannibalistic 
attention of their parents ; much deeper water remains too cold for 
most rapid development. 

Breeding ponds should have considerable vegetation, both as a 
source of food supply and as shelter for the younger fish. If there is 
no natural vegetation, water plants should be obtained and planted 
in the breeding pond. It is also desirable to plant some green algae 
in the pond. If the growth becomes excessive the algae will have to 
be raked out several times a year. The breeding pond water does not 
have to be changed unless badly fouled. Water should be added to 
artificial ponds as required to make up for evaporation and leakage. 
Natural ponds are the best and most economical for breeding Gam- 
hmta, provided they are accessible. It should be possible to get within 
a short distance of the breeding pond with a truck, and to get to the 
waterts edge easily and safely on foot. 

Artificial ponds may be improvised from abandoned reservoirs, but 
if nothing of that kind is available, they can be cheaply constructed 
by excavating with a horse-drawn Fresno scraper. A pond 100 feet 
long by 50 feet wide, divided into two parts by a partition, should be 
ample for breeding purposes for all but the largest districts. If the 
earth is a heavy clay and the water supply is ample and cheap, the 
pond need not be lined. If the soil is porous or water scarce or expen- 
sive, either the bottom and sides should be treated with bentonite to 
minimize seepage, or the pond should be lined with about two-inch 
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thicknesses of cement concrete, preferably reinforced with wire mesh 
(about twenty gauge wire spaced two inches on centers) to prevent 
cracking. Bentonite is a colloidal clay which swells to many times its 
dry volume when wetted. It may either be well mixed with the upper 
layers of earth and then rolled tight before admitting water, or, pref- 
erably, a two-inch-thick layer should be placed, covered with six 
inches of earth, and then rolled or tamped firm. Artificial ponds should 
have drain plugs with outlets, so that they can be drained and cleaned 
if necessary. 

Usually it will be possible to have the main breeding pond or ponds 
only in the country, possibly at a considerable distance from popula- 
tion centers. In that case it is desirable to have one or more distribu- 
tion ponds strategically located in the population centers. These 
ponds may be built of concrete, about ten feet long, five feet wide, and 
two feet deep, and can usually be placed in a public park and fenced 
off, as people have a noticeable tendency to throw things into such 
ponds, which then become foul very quickly. The distribution ponds 
can be stocked as needed from the main breeding pond and drawn 
from as necessarj^ for local distribution, thus saving the considerable 
expense of frequent long trips to the main breeding pond. 

Under most circumstances we have found it unnecessary to feed 
the fish artificially. If feeding appears to be required, dog biscuit 
broken up into small pieces (but not granulated) has proved satisfac- 
tory. They will also take stale bread which is, however, deficient in 
protein and probably an insufiicient food. 

Breeding ponds should be protected from natural enemies, of which 
pelicans, cranes, and certain species of snakes seem to be the most 
destructive. A network of ordinary telephone wires spaced about 
three feet apart, and set about three feet above the water surface, will 
deter the birds from entering the pond ; a fence of close-woven wire 
mesh (twelve wires to the inch) about eighteen inches high will keep 
out the snakes. 

Transporting and distributing gambusia 

Gamhusia affi/ms can be transported easily if certain precautions 
are taken. Preferably young, immature fish should be shipped, as 
they stand transportation better than mature fish. Gravid females do 



Figure 67. A garden lily 
pond is frequently a pro- 
lific mosquito breeder 


Figure 66. Breeding ponds for Gambusia afjlnu, on a private estate, being 
inspected by delegates to a mosquito abatement conference 
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not stand long distance transportation, and sliould be eliminated from 
any shipment. We have tried shipping gravid females on an overnight 
railroad journey, but have had nearly a 100 per cent loss in transit, 
whereas young fish under the same conditions came through with less 
than ten per cent loss. 

If it becomes necessary to transport Gambusm in hot weather, the 
containers should be iced if possible or wrapped with wet burlap, and 
should be transported at night only. Ten-gallon milk cans make sat- 
isfactory shipping containers. The tops should be punched with many 
holes for air, and if possible the covers should be left off entirely dur- 
ing the journey. If carried by truck, this can be done. The water level 
in the cans should be kept below the point where the top of the can 
begins to narrow, in order to retain the maximum w^ater-surface area. 
If carried by truck, stops at intervals of about an hour should be 
made, part of the w’-ater poured out, any dead fish removed, and fresh 
water added in a fine spray so as to furnish oxygen for the fish. 

If these precautions are taken, about SCO fish per ten-gallon can 
may be safely transported by truck on one-night journeys in cool 
weather. For an hour’s trip as many as 500 fish per ten-gallon can 
maybe transported with a moderate loss. For journeys on trains, or 
for longer trips, not over 200 fish per can should be shipped, lessen- 
ing the number according to length of the trip and the temperature. 

For distribution on a mosquito abatement project (except for 
stocking large natural ponds or streams) fifty or a hundred small 
fish can be carried in a five-gallon wood barrel with a cover of bobbi- 
net or other open cloth, and the fish withdrawn by a small kitchen 
strainer with handle. The cool %vood barrel is preferred to a metal 
container, especially where the fish are constantly carried on the 
truck. For large stocking operations the ten-gallon cans are more 
satisfactory. ' 

Where fish are a satisfactory tool in mosquito abatement woik, we 
believe that the mosquito abatement project should hr et d and dis- 
tribute free within its area as many Crambttm or appropriate lar- 
vicidal fish as may be required for mosquito control purposes. This 
may be done by a special man or by the regular foreman, according 
to local conditions and requirements. The fish should not be distrib- 
uted indiscriminately without investigation. An emp1o3’'ee should al- 
wa}"s take the fish to the place where they are wanted, and find out 
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whether the fish are required and adapted to that place. Frequently 
it will be found that an abatement measure other than fish is needed. 
It is a fact that people will avsk for fish under the impression that 
merely placing Gamhusia in their garden pool will eliminate the mos- 
quitoes which are annoying them but which are really bred elsewhere. 

In recent years the ornamental garden pool has become a fad, and 
in many cases these pools arc prolific breeders of Culeoo pipicns. In 
some towns as many as one place in four has some sort of pool. Un- 
less stocked wdth fish, these pools will almost cei-tainly breed mos- 
quitoes. While our experience with Gamhusia in garden pools has 
been quite satisfactory, we are informed that in Tennessee and Mis- 
sissippi these fish have not been successful in controlling mosquito 
breeding in such pools. If there are heavy growths of algae, or if 
overhanging vines reach the w'ater, control by Gamhusia in garden 
pools may be poor. The Memphis health department, for example, 
considers the lily pond stocked with Gamhusia to be a menace (per- 
sonal communications from J. A. LePrince) . 

Frequently these ornamental ponds are stocked with goldfish 
{Carasskis auratus) , either the common type or one or more of the 
fancy varieties. We have found that goldfish usually will keep gar- 
den pools free from culicine mosquitoes, but they are not always suc- 
cessful, and their use is rather a gamble. The common tendency is to 
overfeed these fish, with the result that they become lethargic and have 
no ambition to consume mosquito larvae. Goldfish should probably 
not be considered as a means of Anopheles control. 

It is advisable to warn persons who have goldfish in their orna- 
mental ponds that the addition of Gamhusia is unnecessary if the 
goldfish are not overfed, and that the Gamhusia under some condi- 
tions wall attack the goldfish and tear their fins. The presence of Gam- 
hiisia at the spawning time for goldfish is also detrimental to any 
multiplication of the goldfish. 

If an ornamental pool or a natural pond is found to be breeding 
mosquitoes profusely, it is advisable to kill oif the crop of mosquito 
larvae before introducing the fish, or their progress in eating the 
larvae may be slow. For natural ponds the larvae can be killed with 
a distillate, or a kerosene; for ornamental garden pools, especially 
■ with water lilies or other aquatic plants, the distillates may do con- 
siderable damage. In this case we have found a light spray of py- 
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retlirum extract effective in killing larvae and pupae, without damag- 
ing vegetation. 

Gambusia can be used successfully for mosquito control in wells, 
cisterns, tanks for domestic water supply, barrels, and other clean, 
sharp-edged water containers. For this reason they can be used for 
the control of Aedes aegypti in regions where water for domestic pur- 
poses is collected or kept in barrels, ollas, or other vessels. The fish 
do not have any deleterious effect upon drinking water in such con- 
tainers. 

Gambusia in salt water and sewage 

A. M. Emerick, superintendent of the Napa Comit}^ California, 
Mosquito Abatement District, has been quite successful in planting 
Gambusia in the brackish water of marshes adjacent to San Pablo 
Bay. We have found them thriving in ponds with relatively large 
amounts of calcium, magnesium, and sulphur at Byron Hot Springs, 
California. 

If the fish are to be used in very salty or mineralized water, it would 
appear to be advisable to place them first in brackish water for about 
a week before putting them into the salt water. 

Emerick has also adapted Gambusia so that they thrive in sewage 
ponds which are practically devoid of all dissolved ox3rgen. Tlie large 
sewage ponds at Calistoga, California, which formerly were prolific 
mosquito breeders, have in recent years been kept under excellent con- 
trol by means of Gambusia a^jinis wdiich were gradually adapted to 
living and multiplying in municipal sewage. 

Limitations ON THE USE OF FISH 

Although Cramteia, as well as surface-feeding fish in general, 
have a useful place in mosquito control, it is necessary to recognize 
that they have limitations. In the first place, all natural control meas- 
ures reach a balance at some point; complete extirpation of the vic- 
tims will result in starvation and extinction of the predators^ Nature 
seldom over-controls except for short periods in limited areas. The 
constant trend is toward the establishment of an equilibrium, some- 
times precarious and easily upset, in the food supply of organisms 
living in the same environment. 


278 MOSQUITO CONTEOL 

It is possible that the success of Gambusia in controlling mosquito 
breeding upon introduction into new areas may be due in part at least 
to the sudden upset in ecological balance resulting from their intro- 
duction ; after a period of years the balance may again be restored, in 
part at least. On the other hand, the recognized limitations of Gam- 
busia in the warmer climates in America may be due in part to that 
balance having been already achieved. In the southeastern United 
States Gambusia have not been as successful in mosquito control as in 
Italy and in California. In the sloughs and bayous of the lower Mis- 
sissippi Valley Anopheles and Gambusia exist together and both de- 
velop prolifically. 

Against Anopheles quadrimaculatus surface-feeding fish are handi- 
capped, as floatage protects the larvae from discovery and destruc- 
tion. Considerable growth of algae, particularly Splrogyi'a, will also 
protect mosquito larvae, especially Anopheles larvae, from destruc- 
tion by fish. We have seen T. H. G. Aitken take a very few Anophe- 
les macidipemiis larvae from a green algae mass in a Gambusia breed- 
ing pond in April; however, there was no evidence that any adults 
succeeded in emerging later. 

Another difficulty with Gambusia is that in some areas their effi- 
ciency varies with the season. For example, J. A. LePrince informs us 
that N. H. Rector finds that Gambusia give excellent larval control 
in Mississippi in April, and poor control in August. 

It is possible that Gambusia strains may vary in adaptability to 
transplantation. For example, T. J. Headlee reported that they failed 
to suryive in southern New Jersey ; but J. Lyle Clarke has success- 
fiilly established them in the Des Plaines Valley in northern Illinois^ a 
much colder climate; D. M. Rees has established them in Utah at 
about 5000 feet elevation; and A. M. Emerick has successfully 
planted them on Puget Sound near the Canadian border. 

Recently Clarke'* has indicated that about seventeen years ago 
Gambusia had been found to successfully survive the rigorous winters 
at Winnetka, Illinois, and this strain has been transplanted in the Des 
Plaines District and survived, whereas new importations into Illinois 
from Florida failed to survive the winter. It appears to be the opin- 
ion of ichthyologists who have investigated the matter that the Win- 
netka strain of fish is a mutant or “sport” which is adapted to survival 
under severe winter conditions. 
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Possibly Gambusia strains may vary in their larvicidal effective- 
nessj and perhaps breeding experiments eould produce a more effi- 
cient strain. But we know of no investigations along this line. It is 
also possible that there are species of fish which could be introduced 
into regions where Gambusia has not proved to be effective, and which 
would do the job not done effectively by the Gambusia, 

Caution, experimentation, and careful observation of results are 
necessary in the use of fish as a mosquito control measure. Above all, 
the press needs to be warned against a too enthusiastic advocacy of 
fish control, especially before the efficacy and limitations of this 
method of control in a particular area have been definitely established. 
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XIY 

SUPPLEMENTARY PROTECTIVE MEASURES 

In addition to such primary mosquito abatement measures as natu- 
ralistic control and drainage, and the principal auxiliary measures 
such as oiling, larviciding, and the use of fish, there are several sup- 
plementary measures which can be used with more or less success ac- 
cording to local conditions. These measures are intended either to 

O 

prevent access by adult mosquitoes to their human victims or to de- 
stroy mosquitoes which may have escaped the principal abatement 
measures. They have a place of definite value in any campaign against 
a mosquito-transmitted disease, but they should not be used as substi- 
tutes to primary attacks upon mosquito production points, except 
under unusual conditions. 

Screens 

Adequate screens are an important adjunct in any campaign for 
eradication of mosquito-transmitted disease and are essential to or- 
dinary comfort in tropical and semi-tropical climates, protecting the 
occupants of dwellings against the discomfort or even danger of the 
numerous insects of such areas. 

Two problems are usually obvious in respect to screening. The 
more difBcult of the two is the adequate screening of existing houses, 
especially of the poorer types. Many of these houses, particularly 
the average Negro shanty in the southern states, cannot be properly 
mosquito-proofed without some reconstruction or changes. On the 
other hand, there is the problem of proper construction of new houses 
to obtain maximum protection against insect invasion, with reason- 
able comfort in hot weather. 

Four fundamental ideas must be kept in mind and applied in the 
case of screening: 1) the kind and size of screen must be suited to 
the exposure or climatic condition ; 2) the screen must be protected 
or reinforced where necessary against mechanical breakage due to 
ordinary usage; B) all apertures, except those effectively screened, 
must be closed so as to prevent access by insects ; 4) ventilation with 
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screening must be so good that the habitants will not prefer in warm 
weather to remain outdoors in the evening and at night. 

The Idnd and size of screen to be used depend upon several fac- 
tors. Screen wire must be strong enough to resist the mechanical in- 
jury that wdli occur in ordinary usage. The size of aperture between 
wires must be small enough to exclude the species of mosquitoes oc- 
curring locally. In some areas fourteen meshes or spaces per inch each 
way will be sufficient, but generally sixteen meshes per inch is the 
largest size that can be depended upon to exclude mosquitoes, and 
against Aedes aegypti and a few other small mosquitoes eighteen 
meshes per inch may be necessary. 

In specifying screen material the best criterion is the effective size 
of opening between wires. This is governed by the number of wires 
per inch, and the diameter of the wires. An aperture size greater than 
0.0475 inch cannot be depended upon to keep out all mosquitoes. 

The standard size of wore used in screens has a diameter of 0.009 to 
0.010 inch. Extra heavy wire has a diameter of 0.015 inch. Standard 
sixteen-mesh screen made with wire of 0.009 to 0.010 inch diameter 
has an aperture size of about 0.051S inch, and does not exclude many 
Aedes fmd some Anopheles species. Extra heavy sixteen-mesh screen 
made with wire of 0.015 inch diameter has an aperture of 0.047 5 inch. 
Standard eighteen-mesh screen made with wire of 0.009 to 0.010 inch 
diameter lias an aperture of about 0.0456 inch. 

In general, extra heavy sixteen-mesh screen is to be yiref erred to 
eighteen -mesh standard screen, as the difference in effective aperture 
size (about 0.0019 inch) is inappreciable, and the greater mechanical 
strength of the larger wire size renders such screen less liable to me- 
chanical breakage, or to deterioration under adverse atmospheric con- 
ditions. 

The present United States Army specifications call for a maximum 
aperture size of 0.0475 inch for wire screen, and not over 0.06 inch 
for stiff bobbinet. (Note: to exclude sand flies, sp.^ the 

maximum aperture size should be 0.0BS4 inch. ) 

Several t^’-pes of wife screen are avmlable.^ Steel wire cloth may be 
either painted or electrogalvanized. In the painted screen the fabric 
is run through a bath of paint after weaving, the surplus paint blown 
off, and the painted fabric dried in a heated tower before reeling up 
into commercial rolls. The effectiveness of the paint coating depends 



282 MOSQUITO CONTEOL 

primarily on the quality of the paint used, but care in preparing the 
wire for painting (clean, bright wire is necessary for a satisfactory 
paint film) , the amount of paint film, and the method of application 
are also important factors. The paint must be adherent to metal, must 
retain considerable flexibility for a long period, and must be resistant 
to weathering. The use of painted screen cannot be recommended. 

In electrogalvanizing, the wire cloth is run through a galvanizing 
bath with zinc electrodes. The action of the electric current causes 
zinc to pass from the electrodes and be deposited as a thin layer of 
chemically pure zinc upon the wire cloth. The care with which the 
galvanizing process is carried out is highly important in obtaining 
a good quality of screen, as the zinc deposit must be very fine in grain 
and thoroughly adherent to the wire. Coarse grain galvanizing rap- 
idly done on poorly prepared wire may look as well as fine grain gal- 
vanizing on well prepared wire, but will be considerably less rust re- 
sistant. 

Screen made of pre-galvanized wire is not recommended, as the 
bending and scraping in the process of weaving cause minute cracks 
in the zinc coating on the wire and some flaking, so that the wire is 
very apt to rust, particularly at the intersections. 

Pure copper wire is used for screens but it may be soft and lack- 
ing in resilience so that it is easily damaged mechanically. In the 
Panama Canal Zone^ screen made from hard-drawn wire, 99.8 per 
cent copper, 0.015 inch in diameter, sixteen meshes to the inch, has 
proved to be most satisfactory in comparison with other screen ma- 
terials. A good screen is a bronze cloth made from a ninety per cent 
copper— ten per cent tin wire which is resistant to corrosion and more 
resilient and stronger than pure copper. A cloth made from man- 
ganese-bronze wire should be mechanically strong and very' resistant 
to corrosion, but we have not seen it used for this purpose. Monel 
metal, a nickel-cobalt alloy, can also be obtained in screens but its 
comparatively excessive cost makes its use impractical except in cases 
of unusually severe exposure. The most promising outlook in wire 
screen materials would appear to be in some of the so-called stainless 
steels, provided these can be produced at a reasonable cost. 

For most conditions, a good grade of electrogalvanized screen will 
prove satisfactory. Earle® in Porto Rico, where the exposure is rather 
severe, found galvanized wire cloth satisfactory in the interior of the 
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island but found that bronze screen was required near tbe sea-coast. 
Bronze wire under severe sea-coast exposure will corrode and should 
be painted with a transparent flexible enamel of the type used for 
insulation of electrical wires or with a good grade of spar varnish, in 
order to obtain maximum life in such situations. 

Wire screen is usually sold wholesale in rolls 100 feet in length, 
and in standard widths from eighteen to forty-eight inches, increas- 
ing by two inches for each size. 

Insect-proof screen, no matter what metal it is made of, cannot 
withstand rough handling, and is subject to breakage as well as to 
deterioration. Mechanical breakage is an important matter especially 
on doors, which should be protected at the points where breakage is 
most apt to occur. Two places receive the hardest usage : the lower 
outer corner where the foot is applied in kicking the door open ; and 
the middle edge in the region of the latch. These two places should 
be reinforced with wood or sheet metal. It is also desirable to use 
screwed metal corner plates to reinforce the door corners, and a di- 
agonal rod to prevent sag. Doors made of laminated wood or five-ply 
plywood, prepared with waterproof synthetic adhesives, are less apt 
to warp than doors made of plain lumber. All joints should be painted 
with one coat white lead in raw linseed oil before joining (except when 
glued joints are used). 

As window screens are not so likely to be subjected to mechanical 
injux’y, special protection is not usually required. The wood frame 
should be strongly constructed, preferably of laminated wood to pre- 
vent warping. 

It is obvious that the wood frames of both door and window screens 
should be well painted, preferably with a priming coat of white lead 
in raw linseed oil after the frames are complete and before applying 
the screen, followed by one or two coats of a good grade of outside 
paint in selected color after the screen is applied. In Tanama it has 
been found that paints containing zinc set up a reaction with copper 
screen, causing the screen to split at contacts with zmc-painted wood 
trim. Therefore onty lead base paints should be used on trim in con- 
tact with copper screen. For a similar reason galvanized nails should 
not be used in contact with copper screen nor should galvanized pro- 
tective screen be allowed to come in contact with copper screen. 

The screens should be attached to the frames by being stretched 
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tightly and well tacked down before applying the covering strips. 
The latter must be well nailed. Cover strips may be one-half inch half- 
round if desired but preferably for greater strength should be about 
one by one-fourth inch fiats. 

The method of fitting screen doors and window screens is just as 
important as the screen itself. Too frequently a well made screen is 
perfectly useless because insects can pass freely around the edges of 
the frame. In order to insect-proof the screens, stops must be nailed 
around the inside of the door or window casing so that when closed 
the frames fit tightly in their casings. Windows can be screened by 
tacking screen on the outside of the window casing and then apply- 
ing strips along the screen edges. This is the cheapest method of 
screening windows but has the serious objection that the screen is not 
removable. 

In addition to screening doors and windows it is important to close 
all other openings in the house effectively, so that there is no aper- 
ture, however small, through which insects may enter. In an existing 
dwelling tliis requires a careful inspection of the house to locate 
cracks, crevices, knotholes, and the like, in floors, walls, and ceilings. 
In the poorer class of dwellings, having unlined walls or ceilings, such 
small openings ma,j be numerous. Holes especially in floors are best 
protected by nailing sheet metal over them. So-called “tin” shingles 
which may be obtained in bundles of 100, painted with one coat of 
red lead, are very useful for this purpose but, if necessary, ordinary 
tin cans, if clean and not rusted, can be cut with metal snips, flattened 
out, and used for the same purpose. For long separation cracks be- 
tween boards, flat battens approximately two by three-eighths inches, 
preferably painted with one coat of white lead in raw linseed oil before 
applying, can be nailed over the cracks. For separation cracks in cor- 
ners, quarter-round wood one-half inch or larger, or square fillers one- 
half inch or larger as required, may be nailed in to cover the cracks. 

Chimneys and other vent flues should also be screened during the 
mosquito season, but the screens should be removed from chimneys 
when winter comes and the fireplaces or stoves are used frequently or 
steadily, as the smoke rapidly corrodes any kind of screen material. 

Screening which materially interferes with ventilation in warm or 
hot climates will defeat its purpose, as the occupants of such a house 
will either remove the screens or remove themselves outdoors in the 
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evening. The most useful part of a screened house in a warm climate 
is a large screened porch located preferably on the north-easterly 
side of the house (in the northern hemisphere) , so that it will be on 
the shady side from noon until sunset. Except for a base board about 
twelve inches high and the necessary supporting timbers, the walls of 
the screened porch should be all screen to obtain the maximum venti- 
lation possible. Also, if possible, the porch should have screen on three 
sides, so as to permit any available breeze to create air currents in tlie 
porch. The size of the porch should be the maximum reasonably pos- 
sible within the means available. In general, twelve feet long and seven 
feet wide with a minimum height to the roof of eiglit feet, should be 
considered as the least dimensions for a screened porch. It is desir- 
able also to have the porch roof overhang from eighteen inches to t-wo 
feet for greater shade. Existing houses or cabins as a rule can have 
screened porches built on to them, with a resulting great increase in 
the comfort of the occupants. 

In tropical regions and in areas in the temperate zone vidierc a 
severe mosquito infestation exists, it is practically essential that 
screened vestibules be provided at all entrances to habitations. The 
vestibule may be small, say five feet long by four feet wide, and should 
be provided with an outside screened door having an automatic spring 
to close it. A small sprav^'er with pyrethrum spray kept in the vesti- 
bule can be used to kill any insects carried on the person into the 
vestibule before entering the building. 

It is entirely possible to build mosquito-proof houses in tro})ical 
and semi-tropical regions at a cost hut slightly greater tlian un- 
screened houses. More care must be taken to avoid minor openings, 
such as knotholes, cracks in plaster, or separation between boards ; 
and adequate screens must be provided. Lumber should be first grade, 
well seasoned, straiglit grained, and free from large knots, checks, 
pitch pockets, and shrinkage cracks. Exterior boarding should be 
tongue-and-groove, lapped, or splined. Flooring should be tongue- 
and-groove. Door and window casing should be carefully framed and 
set so that there will be no possibility of separation cracks through 
which mosquitoes may gain access to the interior of the house. 

The Tennessee department of public health^’ ® has done an 
excellent piece of work in preparing standard plans and specifica- 
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tions for farm tenant houses which are inexpensive and yet well de- 
signed and ai:e mosquito-proof if given reasonable maintenance. As 
most of the difficulties in mosquito-proofing occur in the homes of the 
poorer farm tenants and farm laborers, these designs are good illus- 
trations of the fact that satisfactory housing need not be expensive 
housing. 

In hot climates, intelligent use should be made of available native 
building materials. Thick (three feet) exterior Avails of native stone, 
or of adobe brick stabilized by mixing AAuth 5 per cent emulsified as- 
phalt, can produce a cool house, provided a double roof Avith A’’entilat- 
ing ridge louvres is constructed. Exterior Avails on the sunny side of 
the house should be protected from direct rays of the sun by verandahs 
ten to fifteen feet Avide. Heat-reflecting materials such as aluminum 
foil or aluminum paint will also appreciably reduce interior tempera- 
tures. Room heights must be much greater than in temperate climates, 
and if punkahs are to be swung from the ceiling, heights of about six- 
teen feet may be advisable. 

The essential point in tropical housing is to proAude cool, well- 
ventilated, screened houses, so that the occupants will not be tempted 
to go outside to cool off. The white man going to the tropics usually 
has to unlearn practically everything he thinks he knows about hous- 
ing before he can be both comfortable and properly protected. 

In the final analysis, the value of screening is dependent upon the 
care with which it is maintained and on personal equations in the 
people protected. Even exceptional efforts to prevent malarial infec- 
tion by making screening as thorough as possible (as at the Panama 
Canal Zone in 19S7) may be found to be only partially effectiAT, 
since people can be infected outside the screened quarters. 

A supplementary measure which is always useful in that it tends 
to discourage mosquito prevalence to a considerable extent is the re- 
moval of dense shrubbery and vines from the immediate vicinity of 
houses, so as to reduce to a minimum the aA^ailabie day-time harbor- 
age of the pests. Accompanying this measure should also be the re- 
duction to a minimum of garden and laAvn watering, and the per- 
formance of such work in the morning, not in the evening, so that 
there will be a minimum of humidity about the house during the eve- 
ning hours. These measures, while they will not eliminate mosquitoes, 
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will in many cases, especially in hot, dry climates, make a noticeable 
difference in the numbers of mosquitoes about a house and will con- 
tribute to the comfort of the occupants. 

Bed nets 

Sleeping outdoors in regions where mosquitoes are prevalent re- 
quires an effective bed net for reasonable comfort or protection from 
infection. Bed nets are also useful when it is necessary to sleep in un- 
screened houses in mosquito-infested regions. They should be of suffi- 
cient size to hang well away from the bed, so that no portion of the 
body will be likely to touch the net during sleep. The top of the net 
should be at least three feet above the bed. A light collapsible frame- 
work to support the bed net is desirable. The net should be reinforced 
with cloth at all edges and corners, and strongly sewed, and the skirt 
should be long enough to fall on the ground or floor with several 
inches to spare, or to be adequately tucked in under the mattress. 

For sleeping on the ground, a bed net nine feet long and five feet 
wide, with sides about five and one-half feet high, will give sufficient 
space for comfort. If a folding cot is used, the length of the sides 
should be increased about a foot. Extra netting, and needles and 
thread, should be carried to make repairs of the rents and holes which 
will surely occur. Adhesive tape is also useful for repairing bed nets. 
Bed net material should preferably be a stiff bobbinet with effective 
apertures not over 0.05 inch, 

MosaUITO REPEELENTS 

Numerous substances have been used as mosquito repellents in re- 
gions of severe infestations. Few of them were of any appreciable ef- 
fect, and none could be depended upon for more than a short time. 
Most of them were mixtures of oil of citronella with various added in- 
gredients such as camphor, eucalyptus oil, tar, oil of cedar, or car- 
bolic acid. 

Recent research*^ by the United States Department of Agriculture 
and others has developed three new and fairly effective mosquito re- 
pellents which can be applied to the skin. Dimethyl phthalate is the 
material most effective against species, and ^-ethyl-S- 

hexanedinol (“61^”) is the material most effective against Cviex spe- 
cies. A third material, indalone, is reported to be quite effective 



288 MOSQUITO eONTEOL 

against salt-marsh Aedes species. These materials are liquids which 
are applied to the exposed skin surfaces and to those parts of the 
clothing which may he stretched tight against the skin (knees, but- 
tocks, shoulders). Dimethyl phthalate and “612” are effective for as 
long as four hours under sweating conditions, and for about twice as 
long if not sweating profusely. 

These new repellents are of very great value in protecting military 
personnel against infection with mosquito-transmitted diseases while 
under combat conditions and on night sentry duty, and will also be of 
value in protecting civilians, such as construction crews, hunters, 
fishermen, and campers in areas where there is a severe mosquito in- 
festation. 

Various repellent sprays applied to the environment have been used 
to discourage mosquito attacks. Ginsburg^^ reports on a number of 
tests using the New Jersey larvicide (pyrethrum-kerosene emulsion), 
as a repellent in limited areas for a short period of time. Using vari- 
ous dilutions of the larvicide (from a concentrated solution down to 
dilution of one to twelve), appreciable relief has been obtained at out- 
door gatherings such as lawn parties, picnics, and the like. Several of 
the New Jersey districts provide a spraying service for outdoor gath- 
erings, charging the approximate cost. The results are apparently 
satisfactory. The spray is applied just before the beginning of the 
function. High pressures (at least 400 pounds per square inch) and 
good atomizing nozzles are necessary, and the adjacent area in the 
windward direction should be sprayed, as well as the immediate area 
to be protected. Approximately fifty gallons per acre of 1 to 10 dilu- 
tion is used. It should be “fogged” well up into the air so as to cover 
all vegetation, including trees. 

It is probable that under tropical conditions the use of this spray- 
ing technique will not only result in greater comfort, but may kill off 
mosquito breeding in trees and plants near the protected area, and 
may help to reduce the incidence of mosquito-transmitted disease. 

The United States Public Health Service has tried a number of ma- 
terials for outdoor repellent spraying, and as of December 10, 1943 
(personal communication from F. L. Knowles, Senior Biophysicist, 
Memphis, Tennessee) , has found that an emulsion of thanite gives the 
best results. The stock thanite emulsion used was made according to 
the following formula : 
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Thanite .55% 

Kerosene 15 % 

B 1956 Emulsifier ........... . . 10% 

Water ...20% 


For spraying, this stock emulsion was diluted in the ratio of one part 
of stock to thirteen parts water. 

Against Anopheles quadrimaculatus and Psorophora conpmis 
very good protection was obtained, but against salt-marsh mosquitoes 
only about 50 per cent protection was obtained during the period of 
greatest biting intensity. 

Killing ADULT MOSQUITOES 

Numerous sprays for killing adult mosquitoes are marketed under 
various trade names. Practically all of them are simply py rethrum 
flowers extracted in a petroleum solvent such as cleaner’s solvent or a 
refined kerosene. The normal quantity of active ingredient is the py- 
rethrum extracted from one to three pounds of the flowers per gallon 
of solvent. 

When any appreciable amount of such spray is to be used, it is gen- 
erally more economical to buy the extract as such, on a specification 
calling for a definite percentage (by weight) of pyrethrin per gallon 
of a specified solvent. Another method is to buy the standardized py- 
rethrin concentrate (such as Pyrocide 20) and the solvent separately, 
and make up the spray material as required. A small amount of any 
pleasant aromatic oil can be added to mask the odor of the petroleum 
solvent. 

Petroleum solvent-pyrethrum sprays, if adequately toxic, are use- 
ful in killing adult mosquitoes within houses. The room being sprayed 
should be kept closed for one-half hour if possible so that the fumes 
will have opportunity to kill all mosquitoes in it, but mosquitoes can 
be successfully killed even in thatched native huts if thorough spray- 
ing is done. With reasonably effective pyrethrum extract sprays 
available, it seems to be a waste of time and effort to attempt to catch 
or kill mosquitoes in houses by using swatters or other devices, 
ever, if effective sprays are not obtainable, or if for some reason it is 
not possible to use them, it would appear to be a useful procedure in 
malarial regions to take considerable pains to kill all mosquitoes which 
do succeed in getting past the screens and into houses. During the day 
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they wiil be found harboring in protected places such as closets and 
behind picture frames. The skillful use of an ordinary fly-swatter will 
kill most if not all such mosquitoes. Such a method, however, is obvi- 
ously one that usually cannot be performed by ofEcial mosquito abate- 
ment agencies, but must be left to the individual householder. 

Gorgas used the daily catching of engorged Anopheles females in 
tents near Miraflores Locks as a means of malaria control, and suc- 
ceeded in keeping the malaria rate down to four per cent per month, 
which was the normal rate at that time (1908) for workmen sleeping 
in screened quarters at camps where mosquito control work was prac- 
ticed. In the same year at Diablo Hill, three miles from Panama, one 
Negro boy was employed about one hour a day in catching adult mos- 
quitoes in the bunk cars of a railroad camp at the edge of a prolific 
Anopheles breeding swamp. The malaria sick-rate among these labor- 
ers was one forty-second of the malaria sick-rate among the United 
States Marines quartered in a near-by well-screened barracks on a 
hill top. 

Thorough application of py rethrum sprays to kill adult mos- 
quitoes will result in a very appreciable reduction in mosquito-trans- 
mitted disease. The basic idea, of course, is to prevent any one mos- 
quito from getting in more than one bite, as she must first bite an in- 
fected person before becoming infected herself. Therefore in the 
tropics the regular spraying of the native quarters will be about as 
important in an adult mosquito destruction campaign as will be the 
spraying of the quarters to be protected. 

Russell and Knipe,^^ De Meillon,^^ and Park Ross^® have demon- 
strated the disease-preventing effectiveness of adequate spraying 
methods. Russell and Knipe^® finally were able to report that by im- 
proved techniques and equipment malaria could be greatly reduced 
in Indian villages by once-a-week spraying of native houses with a 
mixture of one part Pyrocide 20 to nineteen parts kerosene, at a 
cost within the means of the villagers. Park Ross found in South 
Africa that definite reductions in malaria incidence could be obtained 
by thorough spraying to kill the vectorSi Anopheles gambiae and 
Anopheles funestus. 

Soper and Wilson^^ in Brazil used the following spray : five parts 
of Pyrocide 20 (containing two grams of pyrethrin in each 10 cc.), 
ten parts of carbon tetrachloride, and eighty-five parts of kerosene or 
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diesel oil. The carbon tetrachloride was added to minimize the fire haz- 
ard. The equipment used was a De Vilbiss type spray pistol with an 
air compressor; for hand spraying bj>' single operators fifteen to 
twenty pounds air pressure was furnished from a cylinder sprayer; 
in towns a power-driven compressor mounted on a cart furnished air 
at thirty-five to forty pounds pressure for several pistols simultane- 
ously. Houses were sprayed weekly, as an adjunct to the anti-larval 
campaign against Anopheles gambiae. Houses were kept closed for 
ten minutes after spraying. 

A recent valuable development in spraying methods has been the 
aerosol cylinders,^® which dispense pyrethrin in the finely divided form 
of an aerosol which is highly toxic to adult mosquitoes, especially in 
closed quarters. The spray mixture generally used is about one per 
cent pyrethrin, 2 to 4 per cent sesame oil as an activator of the py- 
rethrin, and 97 to 95 per cent of Freon (dichloro-difluoromethane) . 
The Freon maintains its vapor pressure until the cylinder content is 
discharged. At present these cylinders are available only for military 
use. 

In addition to disinsecticizing houses and barracks, the Freon- 
pyrethrum cylinders are of value in military campaigns for killing 
and deterring mosquitoes in forward positions such as fox-holes, gun 
emplacements, pill boxes, shelters, and the like. 

Attention should also be called to the effect of dichloro-diphenyl- 
trichloroethane (DDT or Gesarol) in killing adult mosquitoes which 
alight upon surfaces sprayed with this insecticide. Dissolved in an ap- 
propriate solvent and sprayed on walls and ceilings, it remains ef- 
fective for several weeks, all mosquitoes resting upon the sprayed 
surfaces dying after a few minutes’ contact. In tropical regions this 
spray should prove to be of very great value not only against mos- 
quitoes, but probably against a number of insects which are pests. 

When an epidemic of any mosquito-transmitted disease occurs, 
spraying to kill adult mosquitoes would be definitely indicated. Used 
as the sole method of control it has appreciable value in limited areas. 
In an intensive campaign for the extirpation of a species it is also of 
real value as an adjunct to anti-larval methods, when dealing with 
comparatively domestic species such as Aedes aegypti and Anopheles 
gambiae. 
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Natural enemies oe adult mosq.uitoes 

Several years ago bats were enthusiastically promoted as a means 
of destroying mosquitoes. Unfortunately^ municipal bat roosts and 
bat culture did not seem to work out as effectively as the proponents 
had hoped. Today little is heard about them as a mosquito abatement 
weapon. In fact, there seems to be some probability that the mos- 
quitoes feed on the bats, as well as that the bats feed on the mos- 
quitoes. Doubtless bats do eat numbers of mosquitoes, as well as other 
insects, but there is Httle or no evidence to show that they are a fac- 
tor of any appreciable value in mosquito control. This is probably 
true also of whip-poor-wills, night hawks, and other crepuscular in- 
sectivorous birds. 

Diverting mosouitoes prom humans to animals 

A measure which has a certain amount of usefulness in reducing 
the tendency to attack by mosquitoes is to place the barns or quar- 
ters of any domestic animals, particularly horses and cattle, between 
the house and the known mosquito breeding areas. There will be a 
tendency for the mosquitoes in migrating from their breeding places 
to fill up on the blood of these animals, especially if the mosquitoes 
are zoophilous in their tastes, and to be little inclined to proceed fur- 
ther to the house and attack humans. This procedure is apparently 
well worth trying where farm animals are available. 

In the control of malaria the presence of farm animals may have a 
marked effect in minimizing human malaria, where zoophilous types 
of Anopheles are the principal species. Some of the great outbreaks 
of malaria after the World War (for instance in Russia) may have 
been in part attributable to the economic disruption which resulted 
in a scarcity of farm animals, causing zoophilous anophelines of ne- 
cessity to resort to humans for blood meals. 

MOSQUITOES AND AEROPLANES ^ 

The transportation of mosquitoes by aeroplanes, either by regular 
transport planes on tropical routes or between tropical and temperate 
climate areas, or by military planes on wide ranging campaigns, has 
become a matter of concern to both civilian and military authorities. 
The possibility of introducing either a new vector species into a 
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hitherto uninfested region or an infected vector into a previously un- 
infected area has been greatly increased by the rapidity of air trans- 
port ; and the public health implications in the problem are of con- 
siderable importance. 

Certain types of mosquitoes have been introduced into isolated 
islands (for example, Hawaiian Islands) by slow moving sailing ships, 
under conditions where continuous breeding during transportation 
was possible. But with aeroplanes, only a few hours or days being re- 
quired for extensive trips, the introduction of a species into a new 
region is a much greater possibility. The transport, by either a com- 
mercial or military aeroplane, of a fertilized Anopheles maculipemiis 
female from California to the Hawaiian Islands, where malaria is un- 
known, might ultimately become both a public health and an economic 
disaster to the Islands. The transport of an infected Aedes aegypti 
female from a South American airport to one of the southern cities in 
the United States might start an epidemic of yellow fever. 

The searching of aeroplanes for mosquitoes has shown that trans- 
port of mosquitoes actually does occur. Symes,^® at Kisumu and 
Nairobi in Africa, searching 196 aeroplanes arriving from Sudan and 
Tanganyika, found seventy-two Anopheles and eighty-five Culew. A 
live CuUseta incidens male, transported from Alameda to Hono- 
lulu on the Clipper trip of August 4, 1937,^° produced a mild furor 
among the Island health authorities when it was at first erroneously 
identified as an Anopheles mosquito. GrifBtts^^ found one male Aedes 
aegypti and twenty-eight culicines on lOS planes arriving at Miami, 
On the other hand, Hicks and Chand^^ failed to catch any mosquitoes 
in 106 planes arriving at Karachi Air Port (India). However, on 
experimental lots shipped in cages to Amsterdam and return (about 
9000 miles in six days) there were two survivors out of thirty-six. 
Griffitts^ liberated stained A, aegypti in aeroplanes at San Salvador 
and recovered eight per cent alive after thirty hours on arrival at 
Brownsville; from San Salvador to Miami (eighty hours, three night 
stops) six per cent survived. From Cristobal to Brownsville, a trip 
requiring fifty-five hours with two night stops, 1610 Aedg,? aegypti 
were used on thirty trips and a two per cent recovery made on ar- 
rival, On aten-hour journey from San Juan to MiamP^ about ten per 
cent of stained A. aegypti were recovered on arrival. 

It was reported by da Silva^'^ that between October 4, 1941, and 
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March 31, 194S, over 90 per cent of the aeroplanes from Africa ar- 
riving in Brazil carried arthropods, among them being Anopheles 
gambiae, Aedes aegypt% and Glossina palpalis, the latter being the 
tsetse fly which transmits trypanosomiasis (African sleeping sick- 
ness). 

Hicks and Chand^^ performed experiments wliich indicate that 
rapid changes in altitude have little if any effect upon mosquitoes, 
but that changes in humidity may have an appreciable effect, aridity 
increasing the mortality. They studied the effect of pyrethrum ex- 
tracts in killing mosquitoes in aeroplanes, and found it to be directly 
proportional to the amount of pyrethrins in the spray^ especially for 
mosquitoes in places (for example, under seats) into which a direct 
spray cannot easily be shot. They advise the use of pressure atomizers 
of the type used in paint spraying, as the hand sprayers are less uni- 
form in application and are apt to spill large drops. An increase in 
contact time to fifteen minutes under closed conditions gives an in- 
creased percentage of kill. 

There are several objections to the use of petroleum solvent py- 
rethrum sprays for disinsecticizing aeroplanes. A high flash point 
petroleum solvent may ultimately increase the fire hazard in fabrics 
as well as cause an oily film on metal surfaces, while a low flash point 
solvent increases the fire or even explosion hazard at the time of ap- 
plication. Non-inflammable solvents such as carbon tetrachloride may 
introduce toxic hazards to passengers. Methyl alcohol, another com- 
mon solvent for pyrethrum, also has disadvantageous toxic proper- 
ties. There is some possibility that high concentrations of pyrethrins 
may have some toxic effects on pilots and passengers. Imperial Air- 
ways succeeded in obtaining satisfactory results with an aqueous py- 
rethrum spray. The best spray at present available for this service 
appears to be the Treon-pyrethrum aerosol in pressure cylinders. It 
would be advisable, also, to experiment with dichloro-diphenyl-tri- 
chloroethane as a semi-permanent disinsecticizing agent. 

On some air routes (for instance, from California to Hawaii) 
planes and passengers have been sprayed en routej which would ap- 
pear to have certain dangerous aspects as well as being decidedly an- 
noying to passengers. In general, it appears to be desirable to mini- 
mize the amount of spraying, which can be effected by the application 
of a number of procedures, as follows : 
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1. The airport area and a zone of at least one-half mile radius about the port 
should be kept under an intensive and eifective program for the prevention or 
abatement of mosquito breeding. 

2. Passengers in mosquito areas should leave and enter planes by means of 
a special screened, double door embarkation vestibule temporarily attached to 
the plane. 

3. Aeroplanes should be mosquito proofed to the greatest extent possible. 
Ventilator openings should be screened, and other apertures closed. Protected 
areas within the plane, in or under which mosquitoes may hide, should l^e elimi- 
nated or reduced to a minimum. Seams, pockets, or depressed places on exterior 
surfaces of wings or fuselage, in which adult mosquitoes can adhere during 
flight, should also be eliminated. 

4. In mosquito areas, planes removed from hangars to be placed on flights 
should be sprayed thoroughly with an effective spray, and held under tightly 
closed conditions for fifteen minutes before admitting passengers, crew, or load. 
Baggage and mail compartments should be sprayed after loading. 

5. In tropical regions, effective sprays or aerosols should be used to destroy 
adult mosquitoes in airport structures, as a supplement to measures for the 
prevention of mosquito breeding. 

6. Inspection services should be maintained at air fields for all aeroplanes 
arriving from areas from which important foreign species may be transported. 

The problem of protecting flying and ground crew personnel at 
stations along air routes through tropical regions has been interest- 
ingly told by Coggeshall.^” Whatever was possible to control Anophe- 
les gamhiae at these stations was done. At first bed nets had to he used, 
plus protective clothing; as quarters were built they were carefiilljr 
screened, and spraying of quarters daily, or even twice daily, was car- 
ried on. Particular attention was paid to spraying native quarters, 
and wherever possible native quarters were moved one-half mile or 
more away from stations. 

Discovered Anopheles breeding places were either treated with 
Paris green or oiled, and as soon as it could be attended to, drainage 
for mosquito breeding areas was installed. Maintenance crews were 
required to make the drains continuously effective. 

Quinine and atebrine were used, but comparisons at different sta- 
tions showed definitely that the mosquito control and protective meas- 
ures were far more effective than drugs in preventing malaria, and in 
addition contributed greatly to comfort and morale. 

In screening, eighteen-mesh bronze or monel metal cloth was used, 
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and a maintenance man was required to keep the screening constantly 
in effective condition. 

After these measures were in full effect mosquitoes were reduced al- 
most to the vanishing point, even in the unscreened native compounds. 
The malaria incidence was reduced to only four cases in about 1600 
men in September and October, 1942, at one station (Accra) , whereas 
about 40 per cent morbidity had occurred in the previous season. 

MOSQUITO CONTROL UNDER MILITARY 
ENVIRONMENT 

The practice of environmental mosquito control as it affects fixed 
military installations (mass protection) does not differ materially 
from such practice under civil conditions. Control operations appli- 
cable to field conditions, however, require a high degree of protection 
of the individual. In either case, control measures must be integrated 
with Army or Navy practiqe and conform to the military point of 
view. Dunliam^® points out that military sanitation, which compre- 
hends mosquito control, calls for knowledge of the organization, op- 
eration, and general mission of the military establishment. 

Responsibility for mosquito control in the United States Army is 
vested in the Commanding Officer, who depends on Medical and Sani- 
tary Corps officers (under direction of the Surgeon) for mosquito 
surveys, recommendations, and supervision, on Quartermaster and 
Engineer Corps officers for supplies, equipment, and labor, and com- 
monly on Engineer Corps officers for prosecution of environmental 
control measures. 

Army Regulations No. 40-205 pertaining to Military Hj’-giene 
and Sanitation reads ; y 

The surgeon of each station or commandis responsible for investigating the 
prevalence, distribution, and significant habits of those mosquitoes which may 
be transmitting disease to the troops or affecting their efficiency, morale or com- 
fort.' — 

Training Circular No. 108 (W.D., Sept. .21, 1943) states (Sec. 2) : 

Responsibility for malaria control. — It is the responsibility of the unit com- 
mander to control malaria within his unit and his unit area. (See AR 4<0-205 
and 40-210.) It is the responsibility of organization surgeons to survey the 
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malaria problem, to recommend measures needed for control, and to exercise 
technical supervision over control measures (see AR 40-205 and 40-210). 
The Corps of Engineers is charged with the responsibility of mosquito control 
work on I'eal property (AR 100-80), and hence will carry out large scale pro- 
grams of drainage, filling, and oiling. 

Dunliam^^' further points out that in many instances, because of the 
technical nature of such procedures, the Medical Department exer- 
cises direct and immediate supervision over all anti-mosquito work. 
Numerous highly trained and thoroughly equipped units have been 
activated within the Medical Department of the Army and the Navy 
during World War II for purposes of malaria-mosquito control. 

Although no comparable units were in existence during World 
War I, it is of interest to note that one of us (Herms'^’^) organized 
and operated a “malaria drainage detachment” at that time under the 
authority of the Surgeon, Port of Embarkation, Newport News, Vir- 
ginia. This detachment consisted of about 300 Negro enlisted Sanitary 
and Hospital Corps men and stevedores under the immediate com- 
mand of seven white Medical and Sanitary Corps ofBcers. Twelve 
white Hospital Corps men were used as non-commissioned officers and 
inspectors. The commissioned personnel on field duty consisted of an 
experienced civil engineer, several physicians, and an entomologist 
well trained and experienced in medical entomology and parasitology. 

The detachment was broken up into smaller units which were lo- 
cated in the principal camps, each unit with its own mess and can- 
teen. Small emergency details were dispatched for malaria drainage 
duty at outlying stations when needed. Proper coordination and gen- 
eral supervision of the various units and detachments were maintained 
through the officer in charge of malarial drainage operations attached 
to the Office of the Port Surgeon at headquarters. In addition to the 
usual drainage operations, an educational program was carried out 
particularly to impress line officers and their men with the impor- 
tance of mosquito control as it relates to the prevention of malaria and 
other mosquito-borne diseases. Emphasis was placed on the personal 
responsibility of the individual to protect himself against mosquito 
bites by applying mosquito repellents to hands and wrists and by 
wearing head nets when operating at night in hyperendemic areas 
where larvicidal methods were not practical. The daily collection and 
destruction of adult mosquitoes in tents and barracks were stressed, 
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and a maintenance man was required to keep the screening constantly 
in effective condition. 

After these measures were in full effect mosquitoes were reduced al- 
most to the vanishing point, even in the unscreened native compounds. 
The malaria incidence was reduced to only four cases in about 1600 
men in September and October, 194^, at one station (Accra) , whereas 
about 10 per cent morbidity had occurred in the previous season. 

MOSQUITO CONTROL UNDER MILITARY 
ENVIRONMENT 

The practice of environmental mosquito control as it affects fixed 
military installations (mass protection) does not differ materially 
from such practice under civil conditions. Control operations appli- 
cable to field conditions, however, require a high degree of protection 
of the individual. In either case, control measures must be integrated 
with Army or Navy practice and confoimi to the military point of 
view, Dunham^*^ points out that military sanitation, which compre- 
hends mosquito control, calls for knowledge of the organization, op- 
eration, and general mission of the military establishment. 

Responsibility for mosquito control in the United States Army is 
vested in the Commanding Officer, who depends on Medical and Sani- 
tary Corps officers (under direction of the Surgeon) for mosquito 
surveys, recommendations, and supervision, on Quartermaster and 
Engineer Corps officers for supplies, equipment, and labor, and com- 
monly on Engineer Corps officers for prosecution of environmental 
control measures. 

Army Regulations No. 4'0-~205 pertaining to Military Hygiene 
and Sanitation reads • 

The surgeon of each station or command is responsible for investigating the 
prevalence, distribution, and significant habits of those mosquitoes which may 
be transmitting disease to the troops or affecting their efficiency, morale or eom- 
■fort. ■ ■ . ■ ' ■ ■ 

Training Circular No. 108 (W.D., Sept. SI, 1943) states (Sec. 2) : 

Responsibility for malaria control. — It is the responsibility of the unit com- 
mander to control malaria within his unit and his unit area. (See AR 40-205 
and 40-210.) It is the responsibility of organization surgeons to survey the 
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malaria problem^ to recommend measures needed for control, and to exercise 
technical supervision over control measures (see AR 40-205 and 40-210). 
The Corps of Engineers is charged with the responsibility of mosquito control 
work on real property (AR 100—80), and hence will carry out large scale pro- 
grams of drainage, filling, and oiling. 

Dunlmm^*^ further points out that in many instances, because of the 
technical nature of such procedures, the Medical Department exer- 
cises direct and immediate supervision over all anti-mosquito work. 
Numerous highly trained and thoroughly equipped units have been 
activated within the Medical Department of the Army and the Navy 
during World War II for purposes of malaria-raosquito control. 

Although no comparable units were in existence during World 
War Ij it is of interest to note that one of us (Herms^") organized 
and operated a “malaria drainage detachment” at that time under the 
authority of the Surgeon, Port of Embarkation, Newport News, Vir- 
ginia. This detachment consisted of about dOO Negro enlisted Sanitary 
and Hospital Corps men and stevedores under the immediate com- 
mand of seven white Medical and Sanitary Corps officers. Twelve 
white Hospital Corps men were used as non-commissioned officers and 
inspectors. The commissioned personnel on field dutj^ consisted of an 
experienced civil engineer, several physicians, and an entomologist 
well trained and experienced in medical entomology and parasitology. 

The detachment was broken up into smaller units which were lo- 
cated in the principal camps, each unit with its own mess and can- 
teen. Small emergency details were dispatched for malaria drainage 
duty at outlying stations when needed. Proper coordination and gen- 
eral supervision of the various units and detachments were maintained 
through the officer in charge of malarial drainage operations attached 
to the Office of the Port Surgeon at headquarters. In addition to the 
usual drainage operations, an educational program was carried out 
particularly to impress line officers and their men with the impor- 
tance of mosquito control as it relates to the prevention of malaria and 
other mosquito-bome diseases. Emphasis was placed on the personal 
responsibility of the individual to protect himself against mosquito 
bites by applying mosquito repellents to Hands and wrists and by 
wearing head nets when operating at night in hyperendemic areas 
where larvicidal methods were not practical. The daily collection and 
destruction of adult mosquitoes in tents and barracks were stressed, 
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and in addition, thirty grains of quinine were given bi-weekly. As a 
result the malaria morbidity was only 5.3 per cent^® for soldiers oper- 
ating among a highly malarial civilian population (90 per cent total 
morbidity, and actually lOG per cent morbidity for eight families liv- 
ing within a few yards of the camp) . 

The value of commercial fly sprays (pyrethrum extract in kero- 
sene) in the destruction of adult mosquitoes was pointed out by 
Schneider^® in 1937. He advised spraying daily at eight o’clock at 
night and early in the morning, “paying especial attention to dark 
corners, latrines, behind and under toilet fixtures, etc. Spray also 
under the eaves, about doors, and twice a week agitate the clothes 
which in these barracks are hung on a rack suspended from the ceil- 
ing, so that any mosquitoes which may have hidden there may be 
destroyed.” 

Simmons^® (Chief, Preventive Medicine Service, Office of the Sur- 
geon General, United States Army) points out that the dispatch of 
American troops to fight in tropical regions all over the world has 
restored malaria to its former position as one of the Army’s most im- 
portant disease hazards. He states, “Only by the determined efforts 
of thoroughly trained officers can we hope to outwit and outfight the 
mosquito vectors of this disease.” As is so welt put by RusseiF^ ( Chief, 
Tropical Disease Control Section, Office of the Surgeon General, U.S. 
Army), “The day of the amateur malariologist has passed. Malaria 
control is no longer simply pouring of oil or of quinine pills from 
bottles. . . . CGnstant attention is required to so many great and 
smaE details relating to entomology, parasitology, civil engineering, 
and medicine, that successful malaria control is rarely possible by 
part time or casual treatment.” 

These assex'tions by high medico-military authorities are supported 
by facts gleaned from the history of World War I; in Macedonia 
alone 80 per cent of 120,000 French troops were hospitalized because 
of malaria; in the spring of 1918, 25,000 British soldiers were sent 
home from Macedonia with chronic malaria. In fact whole armies, 
British, French, and German, were rendered immobile for three years 
in Macedonia, due to neglect or inability to cmtvol Ano'p'heles super- 
pictuSt the vector in that area. In the early stages of the New Guinea 
and Solomon Islands campaigns of World War II the disability rates 
due to malaria were very high. With our present organization and 
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methods for malaria control it should be possible for our military 
forces to operate hereafter in regions where malaria and other mos- 
quito-borne diseases occur, with a minimum of disability from such 
causes. 

Ouganization for malaria control 

World War II saw the organization of malaria survey units and 
malaria control units under the immediate administration of malari- 
ologists directly supervised by the Surgeon. Assistant malariologists 
aid in making parasite, spleen, and mosquito surveys and in planning 
control measures, and are particularly concerned with malaria disci- 
pline among the troops. The personnel of the malaria survey units 
should include competent medical entomologists and parasitologists, 
while the control units should include engineers familiar with mos- 
quito control operations and having adequate knowledge of appro- 
priate larvicides and other chemicals. 

Malaria survey have the following functions among others: 
1) making surveys of mosquitoes (adults and larvae) in order to de- 
termine the species, their incidence, seasonal distribution, biology, 
and relation to malaria; S) making malaria parasite surveys among 
troops and civilians as required ; 3) keeping suitable records and spot 
maps; 4) making recommendations as to specific situations requiring 
mosquito control ; 5 ) checking on the effectiveness of abatement meas- 
ures applied by control units. 

Malaria control units are responsible for planning, canying out, 
and supervising malaria-mosquito control measures in all phases. It 
would seem appropriate to detail two to four inen in every mdivkhial 
company (or other similar unit) to carry out such anthmalaria meas- 
ures as pertain to the housekeeping of the unit. 

The survey. Effective mosquito control cannot be achieved unless 
the breeding places, flight habits, biting habits, and disease-carrying 
potentialities of the various species indigenous to a given area are 
known. Such surveys, according to Russell,®^ may be of two types : 1) 
reconnaissance and 2) basiG. The difference between the two types is 
in the degree of thoroughness with which they are carried out. For 
reasons of military urgency it is frequently not possible to make more 
than a reconnaissance survey, but in base camps and at shore stations 
it is usually possible and advisable to make a detailed basic survey. In 


300 MOSQUITO CONTROL 

either case, in any area surveyed every type of mosquito-breeding 
place should be sampled by the use of dippers or other devices, and 
the larvae identified. Collections of water in pools, ponds, ditches, 
streams, marshes, slit trenches, broken gourds, coconut shells, tin 
cans, tree holes, and the like, should be systematically sampled. Adult 
mosquitoes should be collected by means of suction tubes and other 
devices wherever I'esting places may occur, as in native habitations, 
barracks, tents, stables, pigpens, and privies, and in outdoor shelters 
such as tree holes, undercut banks of streams, sides of wells, and under 
bridges. The mosquitoes should be collected cai’efully and protected 
in pill boxes with cotton wadding so as to facilitate accurate micro- 
scopic identification. Individual collections in pill boxes should bear 
labels indicating date, locality, and whether collected in a stable, pig- 
pen, house, tree hole, or other hiding place. 

If the survey is a basic malaria survey, it becomes almost certainly 
a true piece of research, since the circumstances affecting malaria are 
extremely varied, with its triple-linked chain of man, parasite, and 
mosquito, plus all the varied factors influencing this chain. It involves 
a spleen census ; a parasite index based on blood smears (thick and 
thin) to ascertain prevalence of the different species of Plasmodia; the 
sporozoite rate in the salivary glands of mosquitoes, the oocyte rate 
on the wall of the midgut of mosquitoes; meteorological factors; 
knowledge of farming practices, such as irrigation and rice culture; 
and much other information pertaining to both civil and military 
populations. Such a survey becomes the appropriate task of a malari- 
ologist in the true sense. 

Military malahia coNTiiOL 

There are two basic military situations in which protection against 
malaria and other mosquito-transmitted diseases may be required: 1) 
fixed installations, including permanent and semi-permanent camps, 
shore stations, and fields, such as involve mass protection and atten- 
tion to environmental measures ; S) field operations, requiring indi- 
vidual protective measures, environmental measures being secondary 
or entirely neglected under combat conditions. 

Environmental measures consist oi 1) selection of camp sites 
with reference to reasonable isolation from native villages, rice fields, 
swamps, and other mosquito hazards; 2) screening (see this Chap- 
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ter) ; 3) naturalistic control methods (chapter xvii) ; 4?) drainage, 
filling, sluicing, etc. (chapters viii, ix, x) ; and 5) use of larvicides 
(chapters XI, xii) . It is particularly important that officers in charge 
of this program have a complete knowledge of species sanitation (see 
chapter xvii). 

Individual measures consist of the use of 1) bed nets (this Chap- 
ter) ; repellents (this Chapter) ; S) protective clothing; 4j) sup- 
pressive treatment with quinine or atebrine. Under field conditions 
and particularly under combat situations individual methods are 
especially important. 

Malaria discipline is defined by llusselF^ as “a state of orderly and 
effective conduct or action on the part of soldiers in respect to ma- 
laria control. It implies ability and readiness to practice malaria 
control, as outlined, particularly the individual measures.” 

MiniTARY control op other MOSaUITO-BORNE DISEASES 

Military control of other mosquito-borne diseases will require some 
modification of the procedures outlined for malaria-mosquito con- 
trol. Modification of environmental measures is particularly neces- 
sary because of the different breeding habits of the species involved. 
Measures directed toward urban yellow fever control must fit the 
breeding habits of Aedes aegypti (see chapter xvn). Jungle 3 mllow 
fever requires still different measures because at least one of the 
known vectors, Haemagogus capricorniii breeds in trees high above 
the ground. In America and Africa tlie chief vector of dengue fever 
(a virus infection) is hence the same environmental 

control measures as for yellow fever are applicable. Eut in the Pacific 
area the vector of dengue is A eda.9 alhopictus and requires modified 
methods of control, breeding also in collections of 

water in jungle vegetation, and having a rural as well as an urban 
(domestic) distribution (see appendix b). 

Bancroft’s filaria (Wuchereria hancrofti), the cause of a danger- 
ous filariasis in many tropical and subtropical regions (paidicularly 
on many of the islands of the South Pacific), is transmitted by a large 
number of species of mosquitoesj tbeir importance depending upon the 
particularly prevalent species in a given locality. Among the forty- 
four vectors (see appendix, b) Culeso quinquefasetatus is especially 
important because it breeds abundantly over a wide area in all sorts 
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of collections of freshwater. Procedures outlined in chapter xv are 
applicable. 
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SPECIAL FEATURES OF MOSQUITO CONTROL 
IN URBAN AREAS 

Cities, ESPECIALLY the very large ones, often have a large produc- 
tion of mosquitoes which frequently cause intense localized nuisances. 
The places in which mosquitoes can and do breed within cities are 
very numerous, and an expei't investigation of only a few hours in 
the heart of business and industrial districts of almost any city will 
demonstrate a relatively astonishing amount of mosquito production. 

The species of mosquitoes which breed in cities are principally the 
domestic types such as Culex pipiens, Culex quinquefasciatus, and 
Aedes aegypti; however, a number of species of other genera, such as 
Culiseta {Tlieobaldia) and Fsorophoray may be found where the con- 
ditions are suitable for their development. Man by his works presents 
numerous opportunities for mosquito breeding, of which the mos- 
quitoes take prompt advantage. Mosquito control under urban con- 
ditions is a constant battle against human carelessness, ignorance, and 
even indifference. 

Public UTILITIES* street VAULTS 

In practically all urban areas of any size, the various public utili- 
ties have numerous underground vaults in the streets, especially in 
the more congested business sections. These utilities are principally 
the telephone, power and light, gas, electric railway, and telegraph 
companies. The water company or department may also have a few 
underground vaults. Unless the sewer system is laid especially deep, 
these vaults are frequently not drained, or only partly drained. Dur- 
ing the winter they will accumulate a quantity of water which may 
remain throughout the year. This water is not disturbed except when 
it is necessary for the utility company to work in the vaults. In most 
cases it will remain for many months. 

In a large urban area the total mosquito output from such vaults 
may be very large. Table 9 shows the number of such vaults breeding 
mosquitoes in Berkeley, Oakland, Emeryville, Piedmont, and Ala- 
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meda, contiguous cities in Alameda County, California, in June- 
July, 19e33. 


Table 9. Underground street vaults breeding mosquitoes (Culex pipiens) m 
Berkeley, Oakland,* Alameda, Emeryville, and Piedmont, 
California, June-July, 1933 


Name of utility 

Total 

vaults 

Breeding vaults 
Number Per cent 

Pac. Tel. &TeL Co. ...... . .. . 

.... 1,382 

941 

68 J 

Pac. Gas & Elec. Co.f 

. . . . 1,404 

731 

52.1 

Southern Pacific Co. .......... 

. ... 124 

81 

65.S 

Western Union Tel. Co 

.... 132 

106 

79.6 

Postal Tel. & Cable Co 

44 

33 

75.0 

Total 

. . . , 3,086 

1,891 

61.1 


* Omitting East Oakland east of Fruitvale Avenue, 
t Includes electric power, gas, and steam lines. 


In addition to the vaults listed as breeding, there were several hun- 
dred additional vaults containing water but not breeding at the time 
of inspection. Many of these vaults would have been breeding if in- 
spected later in the year. They are frequently the source of a severe 
local inf estation, as many of them have a very large output of 
pipiens (during the summer and antumn months. In fact, the breed- 
ing often persists in deep vaults even during very severe winter 
weather. Our attention was called to this during one of the coldest 
spells (about F.) ever experienced in Oakland, California, on 
December 11—1^, 19SS. On a complaint of a severe infestation of mos- 
quitoes, a telephone vault in the street opposite the house from which 
the complaint was received was found to be swamiing with adult Culew 
pipiews, and the water with larvae. 

The ideal method of handling these vaults is to have them ade- 
quately drained, if the street sewer is set low enough ; or if the grade 
of the sewer is not low enough, then to keep them pumped dry dur- 
ing the mosquito breeding season. In areas having a rainless summer, 
pumping would seem to be a practical method, though the utilities do 
not appear to favor it on account of the expense. One pumping after 
the conclusion of the spring rains would probably be sufScient for 
most vaults. But in regions having summer rains, pumping would 
require frequent repetition and would almost certainly be expensive. 
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Oiling or larviciding therefore is the only available procedure in 
most cases. Apparently routine oiling and re-oiling is necessary dur- 
ing the mosquito breeding season at intervals depending on local con- 
ditions. We have tried heavy oils and light oils, and find that the 
heavy oils tend to break into patches, resulting in a quick recurrence 
of breeding. Also, the utility companies as a rule object to the use of 
heavy oils which will leave a residue, as they claim that such oils or 
residues, if they get on a cable, make splicing difficult. We have tried 
a cresylic acid base larvicide with good results, but the laboratory of 
the Bell Telephone S 3 \stem has objected to its use in vaults on the 
ground that it might corrode the lead sheathing of cables. We doubt 
very much if there is any such danger in the dilutions used (1 to 10,- 
000 approximately). A series of vaults in Oakland was treated with 
larvicide in June 19SS, and up to October 1933 did not breed mos- 
quitoes. As the water level was below the cables, we do not see how 
any corrosive effect could result, and none has been observed after 
six years. 

We have not as yet tried either phenothiazine or dichloro-diphenyl- 
trichloroethane as a larvicide for these vaults, but we believe they are 
worth experimenting with for control of mosquito breeding therein. 

We have found it possible to get cooperation from the various 
utilities in preventing mosquito breeding in these underground street 
vaults. Usually they have equipment which can be adapted to oiling 
the vaults. We have found it essential, however, to instruct their em- 
ployees doing the work, and to check over their work from time to 
time. Otherwise, for lack of instruction and inspection, the work may 
be inadequately performed and considerable money spent by the utili- 
ties without satisfactory results. 

One caution concerning the oiling of these street vaults should be 
observed. Many of them are located in the downtown sections of cities 
where the traffic is dense, usually in the trafiic lanes. Tliere is there- 
fore considerable danger to the men doing the oiling, and extra pre- 
cautions for their safety should be taken. We make a practice of 
driving the truck over the manhole and stopping just beyond it. Two 
or three red flags mounted on standards are then placed from ten to 
twenty feet back in the direction of traffic. Even with these precau- 
tions the men occasionally have to jump for safety, and several times 
each day the flags will he knocked down by careless drivers. As sewer 





Figure 69. Interior of rear comjjartment of motorcycle oiling equipment, 
showing high-pressure oil tank and Accessories 





Courtesy U. S. Public Health Service 

Figure 70. Cleaning a clogged roof guttei^ to prevent 
the breeding of ^4 ede.9 and other 

domestic inosqiiitoes 
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inlets and catch basins are usually at the curb line, the special pre- 
cautions required in oiling street vaults are not so necessary for the 
protection of the workmen. 

In oiling street vaults^ catch basins, and inlets, we have used a 
simple and convenient equipment consisting of a strong steel barrel 
of fifty-five gallons capacity, provided with a three-eighths inch out- 
let pipe at one side of the periphery of the head, and a truck type 
Schrader air valve at the opposite side of the periphery. The air 
valve was tapped into the filling plug. The barrel was filled with forty- 
five gallons of oil, and then air (obtainable at any gasoline filling sta- 
tion) was put into the barrel under forty pounds per square inch 
pressure. About bventy-five feet of three-eighths inch heavy-pressure 
oil-resisting hose, with a spray nozzle, was attached to the outlet. With 
this equipment on a light truck, manned by a driver and one or two 
men to pull and replace manhole covers, the work was done fairly rap- 
idly. We found a two-man crew necessary in oiling these street vaults, 
as in at least half the vaults the covers were so heavy that they re- 
quired two men to handle them with any reasonable speed. In Wash- 
ington, D.C., a somewhat similar arrangement has been used for catch 
basins and inlets. The oil tank under air pressure is carried in a side- 
car motorcycle, the sidecar being on the left side.^ 

SEWEE INIiETS AND CATCH BASINS 

Inlets and catch basins on the sewer system xnay be a prolific source 
of mosquito breeding, if any water collects and remains therein. In 
the new'er types of street inlets (see Figure Tl) there is little or no 
opportunity for any water to collect and remain as a place for mos- 
quito breeding, especially in inlets connecting to storm sewers. Most 
of the old type of catch basins, especially those connecting with a com- 
bined sewer (that is, a sewer that carries both domestic sew^age and 
storm water run-off ) , are very apt to be mosquito breeders. 

For example, in Oakland, Berkeley, Emeryville, Piedmont, Ala- 
meda, and San Leandro, contiguous cities in Alameda County, Cali- 
fornia, approximately S200 oiHngs of inlets and catch basins were 
done on account of mosquito breeding between June 1 and Septem- 
ber 30, 1933. The total number of inlets or catch basins breeding at 
one time is not known, as no survey was made to determine the num- 
ber breeding, but in any city it is undoubtedly a significant factor 





in the amount of mosquitoes present. In a large city it will probably 
be necessary to have a special crew with equipment to oil these struc- 
tures routinely from May to October or November. 

The Alameda County Mosquito Abatement District in 1935, after consider- 
able study, developed a three-wheeled motorcycle equipment^ which oils sewer 
inlets and catch basins far more rapidly and cheaply than had previously been 
possible. A Harley-Davidson type GD Servi-Car (three-wheeled, forty-five 
cubic inch engine) was purchased, and a special pressure piling equipment 
mounted in the rear compartment. The equipment consists of a welded steel 
tank, eighteen inches in diameter and thirty-two inches in length, tested to 100 
pounds per square inch pressure, but operating at fifty pounds maximum pres- 
sure. The tank has about thirty-two gallons capacity and is mounted in the com- 
partment by means of two steel bands, welded to the tank, bolted to the front 
wall of the compartment, and screwed to the floor. Sufficient space is left to 
carry minor equipment, including a small fire extinguisher, shovel, first aid kit, 
and some miscellaneous small tools. 

To accommodate the tank, the body was cut horizontally with a cutting torch , 
and an extra piece seven inches wide welded in to give the additional height re- 
quired, After grinding down the welded seams, the body was then lacquered a 
brilliant scarlet so as to make it conspicuous, thus lessening the collision hazard 
while it is working on busy streets. The interior of the compartment and the 
tank were painted with an aluminum lacquer. 

The tank is fitted along the top center line with an air pressure gauge, an air 
release petcock, an air inlet valve (Schrader truck type), a one and one-half 
inch brass filler plug, and a three-eighths inch brass outlet pipe with globe 
valve and hose connection. Fifteen feet of three-eighths inehj three-braid, oil- 
resistant hose are attached to the outlet pipe, and carried through a one inch 
diameter opening in the upper right hand corner of the front wall of the com- jj 

partment, and then attached by a trigger-valye to a two foot lengtli of three- 
eighths inch brass pipe to which is attached a Bordeaux spray nozzle. The brass 
pipe is attached by a hook (on a swivel) to the front end of the right rear 
fender. The hozzie is about four inches from the ground. 

The operator drives the equipment directly over the catch basin; reaches for 
the trigger-valve directly back of his right hand and within easy reach ; points 
the nozzle, by means of the brass pipe and the swivel clip, directly into the 
catch basin j and presses the trigger, releasing enough oil to spray the basin, 
including the sides above the water. Spraying the sides has been found to be 
quite effective in delaying re-infestation of the catch basin, as oil will gradually 
feed off the walls onto the water surface for a week or more after spraying. He 
then proceeds to the next catch basin. If the equipment cannot be placed di- 
rectly over or alongside the catch basin, the brass pipe and nozzle can be re- 
moved from the hook, and enough hose pulled out to reach tlie inlet. This how- 
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ever is seldom necessary. A portable three gallon sprayer is attached to the 
back of the rear compartment for occasional oiling at a greater distance from 
the motorcycle than the available hose will permit. This has proved to be a real 
convenience and an economy, taking care of occasional oiling which would 
otherwise require a special trip by one of the district trucks. 

Each morning the motorcycle’s oil tank is filled with twenty- five gallons of 
oil and with air pressure to fifty pounds per square inch. This is obtained first 
from a compressor at the depot, and additional air needed during the day can be 
obtained at any convenient service station. One filling is usually more than suf- 
ficient for a day’s work, as twenty-five gallons will oil from 200 to 250 catch 
basins. 

This equijiment with one man can oil from twenty-five to fifty per cent more 
catch basins per day, at a lower cost per mile for operation, than an automobile 
truck with two men. The total cost of the equipment was $607.60; the motor- 
cycle cost $514.88; the tank with fittings and the enlargement of the body, 
$7 1 .22 ; repainting the body, $1 5 .00 ; the mounting for the three gallon sprayer, 
$6.50. 

Although this equipment, which is a standard model slightly modified but 
uncliaiiged mechanically, would be entirely satisfactory in fairly level terri- 
tory, it was found to be inadequate in power and particularly in brake capac- 
ity for a region having a considerable amount of hill area. In Alameda County 
the terrain varies from sea-level to about 1700 feet in elevation. Therefore 
after four years’ use this equipment was replaced in the spring of 1939 by a 
vehicle consisting of a sixty-one cubic inch overhead valve engine and motor- 
cycle front end, and a rear chassis fabricated partly of automobile parts, with 
hydraulic brakes of ample capacity. The elective life of the rear chassis be- 
cause of its sturdy construction is expected to be about twelve years ; the effec- 
tive life of the motorcycle engine and front end is expected to be about six 
years. The price of the new equipment, exclusive of the pressure tank and rear 
compai-tment transferred from the old vehicle, was $834.06, The operating 
cost of the new equipment is higher than the old equipment, but it is able to 
reach places in the hill areas heretofore inaccessible with the old equipment. 

We estimate that the total cost of operating the present vehicle only, includ- 
ing insurance, repairs, depreciation, and interest on the investment, amounts to 
about 6 cents per mile. The gasoline consumption is eighteen miles per gallon. 

Including all costs except supervision and office overhead, we estimate that 
the cost of oiling street inlets or catch basins with the present equipment is 
about 8 cents per catch basin oiledy or about 6 cents per catch basin inspected 
and oiled if needed; Excluding depreciation and intere.st, the.se costs are about 
7 cents and 5 cents respectively. 

As far as we know, the first use of a motorcycle side-^car with a pressure tank 
for oiling was at Panama. In the United States, J. Lyell Clarke in Illinois was 
apparently the first to use such equipment, and he continues to use these “cor- 
ner-cutters” effectively in the Des Plaines District. Washington, D.C.,^ was 
also an early user of a side-car for this service. 
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Figure 74'. Tin cans^ buckets^ barrels^ and other things that may liold water 
are excellent breeding places for domestic mosquitoes 


Figure 75, Pickle vats out 
of service, in which mos- 
quito breeding is controlled 
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Storm DRAINS AND STI113ST GUTTERS 

Mosquito breeding in storm drains is not a f requent occurrence, but 
occasionally it may be the cause of a very severe local infestation, A 
properly constructed storm sewer will not breed mosquitoes, as no 
water will remain stagnant in it ; but a storm drain which has a care- 
lessly constructed rough bottom, on which rubbish will catch and 
cause shallow pooling of water, may be a prolific breeder. This type 
of trouble is found only in flat bottom sewers; it is not encountered 
in circular or egg-shaped sewers unless there is an actual partial 
blockage or some structural damage to the sewei% 

If a troublesome sewer is large enough for men to work in it, the 
best remedy is to give the bottom a smooth cement mortar finish to a 
uniform grade. If the sewer is too small for men to work in itj about 
the only thing that can be done is to flush it vigorously at frequent 
intervals. Dead ends on sanitary sewers having very fiat grades may 
occasionally cause mosquito breeding, though this is rare. Frequent 
flushing is also the best method of handling such cases. 

On flat grades on unpaved streets, especially in the smaller towns j 
water may collect in the street gutters and cause some mosquito breed- 
ing in the summer inohths. Although Culex tarsalis is the usual 
breeder, we have on a number of occasions found Anopheles \&T\8ie 
in street gutters in malarial regions. To prevent such breeding, the 
source of water should be cut off if possible, the gutter re-graded and 
the bottom made as uniform as possible, and any residual water oiled. 

Defective plumbing 

One of the most difficult types of breeding place to locate and 
abate is that caused by defective plumbing. Under this classification 
we include : I) broken or leaking plumbing, including house drains ; 
S) broken or leaking water pipes ; 3) improperly connected or un- 
connected refrigerators ; 4) building sumps and elevator pits ; and 
5) wet basements. Leaking pipes outside a house or building are 
easily located. Under a building they are sometimes found with diffi- 
culty, and may cause the accumulation of water which will breed 
mosquitoes. 

Frequently leaking water will occur under houses or buildings with 
little or no head-room between the ground surface and the bottom of 
the floor joists. As a result the breeding water will be difficult to find, 
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and when found it may be very difficult to determine what is the cause. 
Usually a plumber will have to be called to make the necessary repairs, 
at the expense of the property owners; and frequently it is advisable 
to enlist the aid of the city plumbing inspector and at times also of the 
health department. 

A rather frequent source of mosquito breeding is the ice refrigera- 
tor drain, A small hole may be bored in the floor below the refrigera- 
tor> and the water from the melting ice di'opped through it by means 
of a short rubber tube to the ground below, resulting in a pool of 
water. Such refrigerator drains should be connected to the main drain 
of the building by a trapped outlet, 

BuIUDING SUMPS AND WET BASEMENTS 

In large buildings with deep basements, the basement drainage is 
frequently too low for gravity discharge into the city sewer system. 
In such cases the drainage is conducted to a sump, from which it is 
discharged into the street sewer by an automatic ejectoi*. Occasionally 
the sump may be found to be breeding mosquitoes. 

A peculiar instance which came to our attention in 1931 occurred at Four- 
teenth Street and Broadway in the heart of the business district of Oakland, 
California. A large department store became infested with mosquitoes {Ciilex 
pzpieWA'). The office force on the second floor wa.s attacked first, and in a short 
time the insects became so numerous that the customers were being attacked. 
When the matter was finally reported to the mosquito abatement district, the 
infestation was very severe. The source was found to be a sump and the channel 
leading to it, under the basement floor. The channel had several inches of water 
in it, caused by accumulationspf muck on the bottom of the channel. The sump 
and channel were treated with larvicide to kill the larvae and pupae, after 
which the channel was cleaned and ordered flushed at monthly intervals. No 
further trouble has been experienced. 

In handling these various types of breeding areas under buildings, 
the first abatement method is to eliminate the watex' in which the 
breeding occurs. The means must be adapted to the conditions found, 
and sometimes considei’able ingenuity must be exercised. Pending the 
removal of the water, the application of a larvicide is advised. Oil 
should not be used under buildings, as it makes an unnecessary fire 
hazard. 

We are frequently finding mosquito breeding under hastily con- 
stnxeted war industrial buildings and buildings at military posts. 
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Usually the trouble results from failure, through carelessness or haste, 
to backfill around foundation pillars. In Avet weather water accumu'- 
lates in these holes. Head room is usually slight and access difficult. 
Similar difficulties have been experienced with war housing projects. 

Other underground structures 

Mosquito breeding in underground air-raid shelters may be quite 
a problem. When the Uondon underground railways'* were used as 
shelters, considerable annoyance from Culea; pipiens molesius re- 
sulted. This species was found breeding profusely in the di’ainage 
sumps and in patches of water under the station platforms. In this case 
the breeding was controlled by oiling. Cresy lie acid larvicide could 
also have been used effectively. 

It is probable that an appreciable amount of mosquito breeding oc- 
curs in subways, but usually it goes unnoticed. 


Abandoned buildings 

When a building is torn down or abandoned, it will frequently be 
found that the basement will fill with water during rains, and breed 
mosquitoes freely. In such cases the basement sliouldbe drained, filled 
in, or kept pumped dry, according to the conditions, and pending a 
permanent solution of the matter should be regularly oiled or treated 
with larvicide. 

Barrels, BUCKETS, TIN CANS 
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and when found it may be very difficult to determine what is the cause. 
Usually a plumber will have to be called to make the necessary repairs, 
at the expense of the propert}^ owners ; and frequently it is advisable 
to enlist the aid of the city plumbing inspector and at times also of the 
health department, 

A rather frequent soui’ce of mosquito breeding is the ice refrigera- 
tor drain. A small hole may be bored in the floor below the refrigera- 
tor, and the water from the melting ice dropped through it by means 
of a short rubber tube to the ground below, resulting in a pool of 
water. Such refrigerator drains should be connected to the main drain 
of the building by a trapped outlet. 

Building SUMPS AND WET BASEMENTS 

In large buildings with deep basements, the basement drainage is 
frequently too low for gravity discharge into the city sewer system. 
In such cases the drainage is conducted to a sump, from which it is 
discharged into the street sewer by an automatic ejector. Occasionally 
the sump may be found to be breeding mosquitoes. 

A peculiar instance wliich came to our attention in 1931 occurred at Four- 
teenth Street and Broadway in the heart of the business district of Oakland, 
California. A large department store became infested with mosquitoes {Culex 
pipiens'). The ojffice force on the second floor was attacked first, and in a short 
time the insects became so numerous that the customers were being attacked. 
When the matter was finally reported to the mosquito abatement district, the 
infestation was very severe. The source was found to be a sump and the channel 
leading to it, under the basement floor. The channel had several inches of water 
in it, caused by accnmulations of niuck on the bottom of the ehannelvThe sump 
and channel were treated with larvicide to kill the larvae and pupae, after 
which the channel was cleaned and ordered flushed at monthly intervals. No 
further trouble has been experienced. 

In handling these various types of breeding areas under buildings, 
the first abatement method is to eliminate the water in which the 
breeding occurs. The means must be adapted to the conditions found, 
and sometimes considerable ingenuity must be exercised. Pending the 
removal of the water, the application of a larvicide is advised. Oil 
should not be used under buildings, as it makes an unnecessary fire 
hazard. 

We are frequently finding mosquito breeding under hastily con- 
structed war industrial buildings and buildings at military posts. 
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Usually tlie trouble results f rom f aRure, through carelessness or haste, 
to backfill around foundation pillars. In wet weather water accumu- 
lates in these holes. Head room is usually slight and access difficult. 
Similar difficulties have been experienced with war housing projects, 

OtHER TJNDERGIIOIJND STRUCTURES 

Mosquito breeding in underground air-raid shelters may be quite 
a problem. When the London underground railways^ were used as 
shelters, con.siderable annoyance from Culex pipiens molesfus re- 
sulted. This species was found breeding profusely in the drainage 
sumps and in patches of water under the station platforms. In this case 
the breeding was controlled by oiling. Cresylic acid larvicide could 
also have been used effectively. 

It is probable that an appreciable amount of mosquito breeding oc- 
curs in subways, but usually it goes unnoticed. 

Abandoned buildings 

When a building is torn doivn or abandoned, it will frequently be 
found that the basement will fill with water during rains, and breed 
mosquitoes freely. In such cases the basement should be drained, filled 
in, or kept pumped dry, according to the conditionsj, and pending a 
permanent solution of the matter should be regularly oiled or treated 
with larvicide. 

Barrels, bucskets, tin cans 

In a well-regulated municipality having an adequate garbage and 
refuse collection system and routine sanitary inspection of premises, 
tin cans do not tend to accumulate on premises. But few town.s have 
thorough and adequate collection and inspection services, and as a 
result tin cans accumulate, collect a small amount of water during 
rains, and so become breeding places. Such cans should be emptied, 
and the occupant of the property requested to have them removed. At 
times the cooperation of the city sanitary inspector is valuable. 

One of the peculiar by-products of the depression, beginning in 
19 ^ 9 , which was of considerable annoyance to mosquito abatement 
men, was the urban resident who apparently could not afford to pay 
for removal of the cans and rubbish from his premises, though he could 
maintain an automobile. Such people developed a pernicious habit of 
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loading tlieii' tin cans into their cars and dumping them alongside the 
roadway in the less built-up and less frequented streets on the out- 
skirts of cities. Numerous small mosquito-breeding places were thus 
created, as the cans filled with water during rains. No very effective 
remedy for this practice was devised ; a special detail from the street 
cleaning department appeared to be the only possible action. 

The amount of mosquito breeding in tin cans should be estimated 
on a quantitative basis, for in many situations the total production 
from cans is relatively small and its importance may be overestimated 
by the inexperienced. In hot, dry climates the water in metal contain- 
ers exposed to direct sunlight may become too hot to permit survival 
of larvae. 

During the present war the salvage of cans for tin recovery has in 
some areas reduced the number of cans available for mosquito breed- 
ing. 

Other small containers of water, such as buckets or barrels, may be 
found on city premises for various reasons or for no reason at all. In 
cities having very bard water, rain water is frequently collected in 
barrels for special purposes. Metal buckets or barrels, when not in 
use, should be emptied and kept turned upside down. Wood barrels 
present a more difficult problem, as emptying them would cause the 
staves to dry out and make the barrels leaky and worthless. The ap- 
plication of larvicide to such containers is the most effective treat- 
ment, as one application is usually sufficient for a season. 

However, if the barrel is used to collect water for a special purpose 
or is to contain foods or wine, neither larvicide nor oil can be used. 
Wine barrels in an Italian section are a frequent source of trouble, 
as when the wine is drawn they are filled with water until the next sea- 
son. Such barrels must be tightly covered or screened in some manner 
so as to prevent entrance or egress by mosquitoes. Borax may be used 
as a larvicide on such containers under some conditions, and Gam- 
husia may also be used with good effect in many cases. Inspectors 
should be cautioned not to dump such containers without first seeing 
the occupants of the premises, as any arbitrary action on these coses 
may cause considerable ill-feeling. 

In addition to such containers, found usually on residential prop- 
erty, there may be tanks or vats on industrial property used in vari- 
ous manufacturing processes. These tanks or vats, when out of serv- 
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ice> may be filled with water. In some industries and processes it may 
be possible to treat these tanks with oil without damage to the process. 
In otherSj for example wood vats in food preserving plants, neither 
oil nor larvicide may be used. Usually these tanks or vats are too large 
or too numerous to be covered effectively. If water is not expensive, 
the tanks can be dumped and refilled at intervals. We have used Gam- 
husia successfully in preventing mosquito breeding in pickle vats tem- 
porarily out of service and held full of water to prevent stave shrink- 
age. A very light film of pyrethrurn spray may sometimes be used. 
Here again w»e may find a situation calling for ingemiity. 

Roof gutters 

In climates having summer rains, clogged or defective roof gut- 
ters may be the cause of some mosquito breeding. The obvious cor- 
rective measure is to have the gutters placed in good repair and proper 
working order. Sponges attached to long poles, by means of which 
gutter water can be absorbed, have been tried in some places, but this 
seems to be a waste of energy when the logical thing to do is to repair 
the gutter. 

Mosquito breeding inside houses 

Mosquito breeding inside houses is encountered more often in tropi- 
cal and semi-tropical regions than in temperate climates. Breeding 
may occur in water pitchers or slop jars not fully or frequently 
emptied, and in water containers in which ornamental plants are 
grown. Aedes aegypti breeds readily in containers within houses, to a 
much greater extent than either Cnlesc plpiens or Citlex quinque- 
faseiatus. 

As an illustration of breeding within and without houses, the bi- 
weekly reports of the Aedes aegypti control unit of the United States 
Public Health Service at New Orleans, Louisiana, for the period Au- 
gust 16 to October 15, 191}3, show that on inspections 51,243 possible 
mosquito breeding places (barrels, tubs, buckets, tanks, cisterns, tin 
cans, bottles, tires, fish ponds, pools, boats, privies, cesspools, etc.) 
were discovered outside houses, of which 3691, or 7.2 per cent, were 
breeding Aedes aegypti; of 9244 possible breeding places (water 
plants, flower pots, unused toilets, ice-box pans, etc.) found inside 
houses, 540, or 5.8 per cent, were found breeding Aedes aegypti. 
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The number of possible breeding places inside houses was therefore 
15.3 per cent of the total number of possible breeding places discov- 
ered; of the total places breeding Aedes aegypt% 13.8 per cent were 
inside houses. 

On the basis of premises rather than of individual (container) 
breeding places, 34,94)1 premises were inspected during this period, 
with mosquito breeding being found on 3069 premises (8.8 per cent) , 
of which 374)1 were breeding aegypti (7.8 per cent of the total) . 
Of those breeding aegypti^ breeding occurred inside the houses 
in 443 premises which is 1.3 per cent of the total inspected, and 15.0 
per cent of the premises breeding Aedes aegypti. 

It is obvious from these figures that in Aedes aegypti areas inspec- 
tions and corrections must be undertaken inside houses as well as out- 
side ; tliis will probably be a necessary measure in many tropical re- 
gions, whether aegypti is present or not, in order to effect ade- 
quate mosquito control for reasonable comfort. 

In temperate climates mosquito breeding (usually Cidew pipiens 
molestus) does not occur within houses with sufficient frequency to re- 
quire routine inspections within houses. However, an occasional case 
will occur, and the possibility of such breeding should be kept in mind, 
especially when a sharply localized infestation persists after all out- 
side breeding places have been corrected. 

Two interesting cases which came to our attention are related as 
follows: 

In the first, a municipal water department reported to the mosquito agency 
that one of its customers complained of mosquito larvae coming through the 
water pipes. On investigation it was found that the woman noticed the mosquito 
larvae in an aluminum pitcher which she had filled from the faucet immediately 
after several days’ absence from home. Undoubtedly a little water had been left 
in the bottom of the pitcher during her absence, and a mosquito had laid her 
eggs thereon. 

In the other case, a woman was experimenting with indoor plant raising, 
using a special solution of salts in which the roots of the plants were sub- 
merged, in place of earth. This solution was found to be infested with larvae 
and pupae of 

Ornamentai, garden pones 

The modern fad for ornamental garden pools has given the mos- 
quito abatement men a problem that twenty years ago was practically 
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iion“existent. If t}i6se ponds were always properly cared for^ and were 
always kept adequately stocked with fish which are efficient as larvae 
consumers, the ornamental garden pool would not be any problem. 
Sometimes a garden pool which has been well cared for in the past may 
be abandoned and neglected if the tenants remove and the premises 
remain vacant for any length of time. 

Bearing in mind their limitations (see chapter xiii) it is advis- 
able to stock garden pools with Gambusia a^nis, eight or ten fish for 
ten square feet of area being sufficient. The Gambusia will more or 
less regulate their own numbers according to the food supply avail- 
able, the large fish eating their young if there is a shortage of food 
materials in the pool. 

Goldfish may keep such ponds from breeding mosquitoes, provided 
the fish are sufficiently numerous and are not overfed, but they are 
rather uncertain as destroyers of mosquito larvae. Some of the varie- 
ties of ornamental tropical fish which are used in such ponds in warm 
cHmates are efficient as larvae destroyers, especially such fish as are 
surface feeders.^ 

Where intense mosquito breeding has been found in a garden pool 
(especially if there are pupae) the introduction of Gawhasia will 
not prevent the emergence of quite a few mosquitoes from the pupae 
then in the pool. In that case it would be best to remove temporarily 
any aquatic plants, and apply a spray of either gasoline or pyreth- 
rum extract. The latter is preferred, as it is very I’apidly lethal to the 
larvae and pupae, and can be applied: so lightly that it will all be 
evaporated in a few hours. Then the plants can be replaced and the 
fish introduced. In many cases, the pyrethrum extract can be used even 
without removing the plants or the fish from the water, provided it is 
used lightly and carefully. On account of the disfigurement and the 
unpleasant residue, the use of distillates and crude or semi-crude oils 
for mosquito destruction in garden pools should be avoided. 

Reservoirs AND PONDS 

Bistribution reservoirs or elevated tanks of a municipal water sys- 
tem are often accused, by persons living in their vicinity, of being a 
source of mosquitoes. However, we have never found any mosquito 
breeding in such reservoirs or tanks, and doubt if breeding does oc- 
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cur in them as long as they are in use, for the simple reason that the 
water is too much disturbed by the constant inflow and outflow. 

We have occasionally found mosquito breeding in private swim- 
ming pools, or pools abandoned or temporarily out of service. Such 
pools are best treated with a pyretbrum spray, which will not leave 
any gummy or unsightly residue. If the pyretbrum is applied at 
night, the pool can be used the next day for swimming. 

Park lakes and pools in cities may be stocked with Gamhusia ia 
prevent mosquito breeding. The bank edges should be cut down 
sharply so that there are no shallow margins into which the fish can- 
not penetrate. 

Sewage TREATMENT WOEKS 

Mosquito breeding is frequently troublesome around sewage treat- 
ment plants, especially those having units which are at times out of 
service. Breeding seldom occurs in tanks actively in service. A. M. 
Rawn of the Los Angeles County Sanitation Districts reports mos- 
quitobreeding in channels of sewage treatment plants where the sew- 
age flow is at a very low velocity. 

Where breeding occurs in such plants, it can be easily controlled 
by oiling as required. A distillate is entirely satisfactory for this pur- 
pose and if lightly applied as a spray will not have any adverse effect 
on any of the treatment processes.'^ 

Mosquito BREEDING IN BOMBED AREAS 

Aerial bombing causes craters which usually fill with water. These 
craters may be few and scattered, or many and concentrated, accord- 
ing to the intensity of bombing attacks. In urban areas and in rural 
districts where the land has good agricultural value, these craters 
probably will be filled in ultimately, but in the meantime they may 
be actual or potential mosquito breeders. 

Little or no mosquito breeding will be expected in bomb craters dur- 
ing the first summer after their creation, for the reason that time will 
be required to establish in them the organic food materials required 
by mosquito larvae. In the second summer and thereafter, mosquito 
breeding may be expected, but the importance of the problem will 
depend on what species of mosquitoes find the craters to be suitable 
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for breeding, and upon the location of the craters in relation to in- 
habited areas. 

Bombing demolitions and fires result in exposed basements and cel- 
lars in which rain water or seepage water accumulates. In heavily 
bombed cities these are numerous. If the water is shallow, and par- 
ticularly if it is well shaded by debris, breeding by Culeco pipiem 
7nolest7is will probably occur in temperate climates, and in tropical 
climates breeding by Culex quinquefasciatm and probably other spe- 
cies can be expected. 

In bombed areas in England Shute® found that basements converted 
into water storage tanks for fire protection bred mosquitoes but 
slightly if the water was deep and the tanks were kept well filled, but 
breeding increased if the neater w^as shallow. He also found little 
breeding if the water surface was well exposed to sunlight. In shaded 
tanks the species breeding was usually the non-biting Culex pipiens 
pipiem, which though not a problem because of biting, may cause ap- 
preciable loss of sleep in autumn when it enters houses prior to hi- 
bernation. 

For control of mosquito breeding in craters in natural ground, con- 
sideration should be given to the use of copper sulphate to destroy the 
natural food organisms of mosquito larvae. Copper sulphate may be 
used at the rate of from one-half pound to one pound to 10,000 gal- 
lons (13S3 cubic feet) of water, for this purpose. Cresylic acid larvi- 
cide at the rate of one gallon to 10,000 gallons of water can be used, 
and its effect may be expected to persist for several months. Either 
of the foregoing may also be used on basement or street tanks used 
for fire protection. Petroleum oils or pyreihrum larvicide may be used 
also, but will require more frequent application. We do not know that 
the: newer larvicides, such as pheiiothiazine or dichloro-diphcnyl- 
trichloroethane have been used for these types of breeding places, but 
they should be worth a trial In mild climates the use of larvicidal fish 
should be effective if the water in the craters or cellars is permanent. 
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. ' XVI . 

SPECIAL FEATURES OF MOSQUITO CONTROL 
IN RURAL AREAS 

The conditions in rural areas which call for special adaptations of 
mosquito control measures are principally: 1) rural methods of water 
supply and sanitation ; S) liquid wastes from dairies and canneries; 
3) duck clubs; and 4) impounded water. In addition, special prob- 
lems arise from mosquito breeding along streams, in springs and 
ditches, in tree holes, and in cemetery urns. 

Cesspools AND PRIVIES 

As strictly rural areas do not have sewer systems, the disposal of 
fecal material and waste liquids is an individual problem for each 
residence. If the house is piped for running water, there is a problem 
in the disposal of liquid wastes ; if not there is the problem of the 
outdoor privy. 

Except in areas of high ground-water level, the privy pit seldom 
contains water and is of no importance as a mosquito breeder. The 
privy house, however, is commonly a harborage of adult mosquitoes. 
In wet areas the privy pit may contain enough water to bo an excellent 
mosquito breeder. As these structures are maintained in mosquito- 
proof condition with difficulty (though they may be made and kept 
reasonably fly-proof ) it is necessary under high ground-water condi- 
tions to use either oil or iarvicide at frequent intervals to control mos- 
quito breeding. Recause of the disinfecting and deodorizing effect of 
cresylic acid Iarvicide, its use on wet privy pits is advised rather than 
oil. Chloride of lime (calcium hypochlorite) is frequently used as a 
deodorant in pit privies, but so far as we have observed it does not 
have any apparent effect on mosquito breeding in wet privy pits. Mos- 
quitoes will breed in water having a free chlorine content of three or 
four parts per million. 

In country houses having running water and modern plumbing, 
the liquid wastes, Unless drained into mosquito-proof septic tanks or 
cesspools, often facilitate mosquito breeding. When these wastes are 
run from the house directly onto the ground surface, there is a health 
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menace as well as a mosquito nuisance. In such cases the county health 
department should be called upon to help in having the wastes put 
underground where they will be less of a health hazard. Pending such 
improvement, the water should be oiled or treated with larvicide. 

Where the liquid wastes are disposed of in leaching cesspools, mos- 
quitoes can breed in enormous numbers unless the contents of the 
cesspool are thoroughly pi’otected against entrance and egress by 
mosquitoes. The pex’sistence with which Culeiv pipiens molestus in par- 
ticular will find means to enter and breed in such cesspools is remark- 
able. The top of the cesspool should be covered with a layer of heavy 
tarred building paper and with at least a foot depth of earth, and 
any vent stack should be well screened with a fine bronze or copper 
screen. The soil pipe entering the cesspool should also be provided 
with an efficient trap and water seal. Mosquitoes have been observed 
to travel approximately SOO feet in horizontal runs of small diame- 
ter pipe, so that length of pipe is not a bar to their entrance to a 
cesspool.^ 

Where a cesspool is found to be breeding, the owner of the prop- 
erty should be urged to make the necessary changes to put it in mos- 
quito-proof condition. Until this is done, the cesspool must be oiled 
or treated with larvicide at frequent intervals. In warm climates a 
ten-day interval is about the maximum time permissible between oil- 
ings if really effective control is to be maintained. In Eden and 
Washington Townslnps in Alameda County, Galifornia, cess- 
pools were oiled from June 1 to September fiO, 1933. This represents 
about one-half the number of oilings required for effective control, 
but was the most that could be done under the existing conditions. 

It has been our experience that iri cesspools which are sufficiently 
covered to exclude light completely or almost completely, Culex pi- 
piens mole$tu8 ov Culeso qmnquefasciatus will generally be the species 
of mosquito found breeding. But when the cesspool is poorly covered 
so that sunlight reaches to the water surface in the cesspool, Culex tar- 
will usually be the species found. As both species breed freely in 
foul water, the difference apparently lies in the reaction to light, 
Culex tarsalis requiring sunlight and Culex pipiens molestus avoid- 
ing it. 

The occupants of premises having cesspools could save themselves 
considerable annoyance if they would put them into mosquito-proof 
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condition, or failing that would oil them at frequent intervals. We 
find, though, that comparatively few people will do either. They 
prefer to grumble about the mosquitoes, rather than do a few simple 
things themselves to eliminate their own nuisance. 

In recent years many so-called septic tanks have been sold for 
rural sewage disposal. These tanks consist essentially of one or two 
compartments, in which the sewage solids are settled out and more or 
less digested by anaerobic putrefaction. The partially clarified efflu- 
ent from these tanks is disposed of usually by an underground system 
of drain tiles. Unless adequately covered and the contents protected 
by traps, with screens on vents, these tanks may also breed mos- 
quitoes, though in general they seem to be less troublesome on tltis 
score than the cesspools. If breeding, they can be treated with oil. 
Larvicides should not be used on septic tanks, as they may interfere 
with the bacterial digestion of the settled solids. 

Liquid manure tanks 

A condition somewhat similar to a cesspool is the liquid manure 
tank frequently found in connection with commercial greenhouses 
and plant nurseries. Into these tanks manures, fish meal, bone meal, 
dead animals and any nitrogenous material is thrown, and the tank 
filled with water. A strongly nitrogenous liquid of great fertilizing 
value, especially in “forcing” flowers and plants, is thus obtained. It 
is particularly nourishing to mosquito larvae, and almost unbeliev- 
able concentrations of larvae, especially tarsdlis, will often be 

found in such tanks. As the liquid is completely devoid of dissolved 
oxygen, the larvae and pupae spend practically all their time at the 
water surf ace ; the eoncehtration of organic matter is so great that 
they do not have to leave the surface to obtain food. 

Nurserymen violently object to the use of oils or larvicides in these 
tanks, because of possible deleterious effect on plants when the ferti- 
lizer is used. We have found that a light application of pyrethrum 
extract (in kerosene) is very efficient in killing larvae and pupaej and 
is not objected to by the nurserymen. It must be repeated at suffi- 
ciently frequent intervals to prevent emergence of adult mosquitoes. 

Liquid wastes from dairy drains and canneries 

Dairies use a considerable quantity of water, not only for cleaning 
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utensils and for cooling but also for washing cows and cleaning the 
milking barn. These quantities are too large for undergi-ound dis- 
posal and contain considerable amounts of manure. As a rule these 
wastes are run into some sort of ponding device or sump in which the 
easily settleable portions of the manure are removed by a crude form 
of sedimentation ; the overflow liquid is then removed in a drain ditch 
either to a near-by water course or to a disposal field on which it is 
spread out to leach away and evaporate^ The liquid is rich in organic 
matter and is very fine breeding material for certain species of mos- 
quitoes, especially Cideas tar satis. In uncontrolled dairy drainage the 
number of mosquito larvae will be almost unbelievably great. 

In general, we have found no better way of handling dairy drain- 
age than to keep the ditch as clear of vegetation as possible (usually 
a difficult job) ; to rotate the areas of field onto which the drainage 
is run, so that no water will stand on any plot long enough to mature 
a crop of mosquitoes ; and to oil the sump, ditch, or disposal area 
whenever pupae appear in any part. 

Canneries, which are frequently located in rural districts near the 
source of raw materials, also produce large quantities of liquid wastes. 
The same general methods just suggested for handling dairy wastes 
can be used also for cannery wastes. 

It must be borne in mind that in either case no great expense for a 
wastes disposal project can be justified, since after the wastes have 
been treated by some method of sewage treatment, there still remains 
the Water which is the mosquito breeding material. If, therefore, the 
wastes cannot be disposed of into a running stream without nuisance 
or danger of coUtammating a water supply, there is no justification, 
from a mosquito abatement standpoint, of requiring the dairy or 
cannery to put in expensive treatment works. What may be required 
on the grounds of public nuisance due to offensive odors or stream 
pollution is something that must be handled by the health authorities. 
A failure to understand this distinction in functions ma}^ cause the 
mosquito abatement official some embarrassment. 

Wateriistg troughs 

Stock watering troughs may breed mosquitoes, but more frequently 
breeding occurs in wet areas adjacent to these troughs, caused by 
leakage or overflows. Leaks can be repaired and overflow prevented 
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by greater carefulness or by putting on a ball float shui -off valve on 
tlieinlet pipe. It is also clesiraMe tlmt the area around and under the 
trough be covered by six inches or more depth of gravel, and the im- 
mediate vicinity of the tioiigli slightly raised above the adjacent 
ground level. 

Gmnhusia can be placed in watering troughs, and seem to thrive in 
then). 

Wells and CISTERNS , 

Breeding seldom if ever occurs in deep cased wells. Likewise, it sel- 
dom occurs in shallow uncased wells that are in constant use, prob- 
ably for the reason that the removal of water causes more surface 
disturbance of the water than mosquitoes desire. Unused or infre- 
quently used shallow w'ells are very apt to breed mosquitoes. Like- 
wise, elevated tanks are rarely mosquito breeders, as the inflow: and 
outflow of water disturbs the water surface too much; but if aban- 
doned or seldom used, they may become breeders unless carefully 
screened and c!<wore(l. Underground cisterns for storing rain water 
collected from roofs may breed mosquitoes prolifically. 

Mosquito breeding in 'wells, cisterns, and elevated tanks may be 
abated by a light oiling with ’ivater-white kerosene or pyrethrum 
extract, applied as lightly as possible Avith a fine spray. This can be 
used Avithoufc danger of an objectionable taste in the water, if tlie out- 
let is beloAV the water surface. In mosquito infested regions such wells, 
cisterns, and tanks should be covered and screened to prevent access 
by mosquitoes to the water. Gamhusia can often be used successfully In 
cisterns and wells. 

Rain and i'I.re BAimiiiLs 

Where a cistern is not used, barrels may be provided for collecting 
rain "water for washing pui'poses and occasionally for drinking AVater. 
Such barrels should be very carefully covered or screened to prevent 
breeding. If breeding is occurring, ■water-white kerosene should be 
used lightly to kill that crop of mosquitoes, and then an adequate 
cover or screen should be put on. 

Fire barrels (barrels containing water for fire protection) are fre- 
quently found in rural areas, not only in the vicinity of residences and 
farm buildings but also along wooden railroad and highway struc- 
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tures. We have found that these fire barrels usually, in fact almost in- 
variably, are mosquito breeders. One of the best methods of preventing 
breeding is to treat them with enough cresylic acid larvicide to give 
the water a distinct milky color. One such treatment will be effective 
for at least a year, and in all probability as long as the water is un- 
changed. Even if make-up water is added to take care of evaporation 
loss, the larvicide will still be strong enough to prevent breeding. It 
is of course a folly to treat fire barrels witb an inflammable oil. 

Another eifective method is to use about four grams of a mixture 
of phenothiazine and a wetting agent (seepage ^41) to each fifty -five- 
gallon barrel. This will usually prevent mosquito breeding for at least 
three months. Borax (sodium borate) used at the rate of one to two 
pounds per fifty-five-gallon barrel will also usually prevent mosquito 
breeding for about six months, especially if about an ounce of copper 
sulphate is added to prevent the growth of algae. 

Streams, DITCHES, AND sPRiJJGS 

With some important exceptions (see chapter xvii) running 
streams and ditches will not breed mosquitoes. The presence of fish 
and the disturbance of the water surface usually make them unsuit- 
able for breeding. However, sluggish streams and ditches, especially 
if they have much plant growth such as rushes, reeds, or tules which 
hamper the movement of fish, may breed mosquitoes. Shallow, grassy 
margins of streams and ditches may also furnish good conditions for 
mosquito breeding. Intermittent streams, which dry up in the sum- 
mer months or flow only briefly after summer thunder showers, leave 
scattered, isolated pools along the stream bed which are often prolific 
mosquito breeders. 

Streams on flat grades where mosquito breeding occurs should be 
channelized, that is, the banks should be straightened and cut down 
sharply at a steep angle, and the bottom cleared of vegetation and 
cut to an approximately uniform grade. In some cases it will be pos- 
sible to give the stream a narrower and deeper channel which wiU 
confine the flow and increase its velocity. Worth^ in Ceylon uses a 
method of silting the sides of streams, thus confining the main flow 
into a central channel. Lines of bamboo stakes form the silting basins. 
By these means mosquito breeding can be minimized or even pre- 
vented in flat sluggish sections of streams or ditches. 
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Pools left by temporary streams are more clifEcult to handle, espe- 
cially on rocky bottoms. The cost of channelizing in such cases may 
be out of proportion to the benefits. In such cases occasional oiling of 
residual pools may be sufficient. The species of mosquito breeding in 
these residual pools should also be taken into consideration. Disease 
vectors should be effectively suppressed, especially Anopheles super- 
pictus in areas where it is prevalent, but it may not be worth Avhile to 
spend much time or effort in abating a primarily zoophilous species. 

The method of intermittent flusbing described in chapter x may 
sometimes be used to prevent or minimize mosquito breeding in 
streams during periods of low flow. 

Perennial streams and ditches may be stocked with Gambusia af- 
jinis, and frequently the fish will thrive. The Gambusia may be of lit- 
tle or no use, however, in intermittent streams, as drying up may re- 
sult in loss of the fish. 

Springs may give quite a lot of trouble: usually most of the mos- 
quito breeding will occur in wet areas caused by overflow from the 
spring, but breeding may also occur within the spring. The overflow 
can usually be controlled by piping it to some point where it will run 
off rapidly on a steep slope. If this cannot be done, then the area 
around the spring should be filled with gravel sufiiciently to stop any 
pooling of the overflow. 

If breeding occurs in a spring, a difficult problem results. Pish 
will seldom live in springs, apparently for lack of natural food ; lar- 
vicide cannot be used because of dilution, and not at all if the spring 
is used for human or animal water supply; oil is not desirable on a 
•water supply spring, and will be removed rapidly by overflow from a 
flowing spring. The best solution is to enclose the spring in a con- 
crete box with a tight cover, and conduct the outflow away in pipes. 
As a temporary measure, we have used a very light application of 
pyrethi*um extract in kerosene. Even if removed quite promptly by 
the outflow, it is so toxic to the larvae and pupae that they are all 
killed by a single contact. 

Tree hoees 

' In wooded areas, certain species of tree-hole breeding mosquitoes, 
such as Aedes triseriatus and A. mripalpus are especially annoying 
in their attack. Unless the persons in charge of the mosquito abate- 
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ment work are reasonably well trained in the identification of mos- 
quitoes, these species may not be recognized and as a resnlt their 
breeding places may not be sought out and eliminated. 

Tree surgery is the most satisfactory method of combating these 
pests. The breeding holes, often found in oak trees though also in 
maples, sycamores, eucalyptus, and many other trees, should be 
cleaned out, the debris and mud i*emoved, and bark and rotting wood 
chipped out until sound wood is reached. The holes should then be 
filled with a mortar consisting of one part portland cement and three 
parts sand, mixed to a moderately moist consistency and well rammed 
into the hole. Enough should be used to raise the mortar a little above 
the edge of the hole, rounding it off, and dashing a little dry cement 
on the top, which should then be troweled to a smooth dense surface 
to shed the water. 

When larvae are found in the tree holes, they are best killed with a 
cresylic acid larvicide. We have had good success in controlling the 
breeding of Aedes vanpalpus, where we were unable to have the own- 
ers apply tree surgery, by the following method. All the tree holes in 
all the trees in the infested area are treated with undiluted cresylic 
acid larvicide, applied with a paint brush. The larvicide is painted 
onto the bark or onto the side wall of the tree hole immediately above 
the water line, and a little larvicide is allowed to run into the water 
in the hole and is stirred by the brush. If the hole is dry, the larvicide 
is painted onto the bark above thehole and well down into it. The lat- 
ter is important, as the observations of W. C. Reeves (unpublished 
studies) on this mosquito in the act of ovipositing show that she lays 
her eggs on the side of the hole just above the water surface. The eggs 
are deposited singly on the side wall of the hole as she walks around the 
periphery just abovethe water surface. ^ 

This method not only kills any larvae and pupae in any of the holes 
which have water at the time of application, but also discourages or 
prevents the deposit of eggs. Also, enough larvicide will usually re- 
main to mix with watei* from subsequent rains and so kill larvae which 
may hatch from previously deposited eggs. We suspect but are not 
certain that the larvicide may kill eggs with which it comes in direct 
contact, which is one of the reasons for painting the side walls of the 
tree holes. 
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In one group of sycamore trees where we applied this method dur- 
ing two successive years, the breeding of Aedes mripalptis was elimi- 
nated for at least four subsequent years without further treatment. 

Because of its strong residue effect, it appears to be probable that 
dichloro-diphenyl-trichloroethane (DDT or Gesarol) may be an even 
more effective larvicide against tree-hole mosquito breeding, but we 
have not had an opportunity to try it for this purpose. 

Epiphytes 

In many tropical regions there are found plants, designated as 
epiphytic bromeliads, which grow attached to trees, but subsisting on 
air and water. Some of these bromeliads have leaves which catch rain 
water, usually at the base where they attach to the trunk, and some 
species of mosquitoes breed freely therein. In the cocoa districts in 
Trinidad, for example, Anopheles bellator, the principal malaria vec- 
tor, breeds in certain species of bromeliads, and in parts of South 
America (Venezuela) Anopheles darlingi is reported to breed in 
bromeliads. 

Extirpation of the bromeh’ads may be the only effective method of 
preventing mosquito breeding in these air plants. This can best be ac- 
complished by cutting them out of trees within the area to be pro- 
tected. The liberal application of powdered copper sulphate will fre- 
quently kill the plants, but they may still continue to breed mos- 
quitoes for some time. 

As a temporary measure, spraying with a double strength pyreth- 
rum-emulsion larvicide may be effective. 

In Trinidad cutting out certain species of bromeliads within a ra- 
dius of one-half mile around the cocoa plantations has been found to 
be effective for the control of malaria transmitted by Ariopkeles 
beUaior. 

Cemetery URNS ' 

In cemeteries, containers are frequently provided for flowers on 
graves. These are filled with water which may stand for considerable 
lengths of time without changing. As a result these urns or cans may 
be mosquito breeding places, and in large cemeteries may produce a 
large total output. 
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This represents about the most difficult condition to handle, owing 
to the intermixture of sentiment and prejudice in the matter. In a 
large cemetery, treating these urns or containers with either oil or 
larvicide, or simply emptying them at sufficiently frequent intervals 
to prevent breeding, would involve a considerable labor cost. I’or ex- 
ample, in one cemetery having about S8,000 of these flower con- 
tainers, the labor cost of emptying the containers twice a month was 
estimated to be about $700 per month for eight months a year, or a 
total of $5600 per annum (1941 wage scale). 

Kelley'*^ studied tliis problem in three cemeteries in Alameda County, 
California, and found eleven species of mosquitoes breeding, of which 
four were Culex, two CuUseta (Theobaldia) , one Aedes, and four 
Anopheles. The most common species was Culex ptpiens, probably 
Culex pipiens pipienSi as it did not require practically complete dark- 
ness on the breeding water, and it was not observed to bite, even late in 
the evening. The second most numerous species was CuUseta incidens. 
Anopheles mosquitoes ranged between 5 per cent and 10 per cent of 
the collections at different cemeteries, the most common species being 
Anopheles punctipennis. 

Kelley found that in one active cemetery an average of slightly more 
than one container for every two graves was holding water, and one 
container to every four graves contained larvae (average twenty-five 
larvae per container) . A type of metal flower container with a metal 
holder set in the soil, the container being inverted in the holder when 
not in use, was recommended as a means of minimizing mosquito 
breeding. 

In New Orleans, Louisiana, during June, 1943, the United States 
Public Health Service, in making a survey of mosquito breeding in 
forty-one cemeteries, found 76,917 containers on 13S,436 plots. 
Among the active cemeteries the average number of containers per 
plot was about two. 

It is probable that on inspection any cemetei'y will be found to be 
breeding an appreciable number of mosquitoes, principally in flower 
containers. If the cemetery is located in a densely built-up urban area, 
this may result in a nuisance, and in some I’egions (especially Aedes 
aegypti areas) the production of disease vectors may be highly im- 
portant. 
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Since tlie amount of labor required to inspect, empty and refill 
flower containers in cemeteries on a weekly basis during the mosquito 
breeding season apparently represents a prohibitive cost, some other 
method of control must be devised. 

Paris green one part, mixed with plaster of Paris four parts, made 
with water into a soft pellet, and dropped into the flower containers, 
has been tried with fair success in some places. It has also been applied 
by hand and by squirting from a syringe. But apparently Paris green 
operates unevenly against non-anopheline larvae, and we have heard 
that in Texas it is ineffective against Aedes aegypti. Possibly the 
chemical properties of different waters may affect the toxicity of Paris 
green. 

The most practicable control method at present available appears 
to be the application of phenothiazine to the water used for Ailing 
flower containers. For use at the New Orleans cemeteries the United 
States Public Health Service has developed a phenothiazine dispenser 
(Figure 80) to be attached to all filling hydrants. It consists of a one- 
and-one-half-inch pipe nipple about three inches long, which con- 
tains a cartridge (enclosed in a small muslin bag) of a mixture of 
phenothiazine and a wetting agent (see page 24d) . The cartridge is 
supported by a piece of copper wire screen held in place by a reducer 
screwed on to the bottom of the nipple. The top of the nipple is fitted 
with a similar threaded reducer which connects to the water pipe via an 
elbow, a vacuum breaker or check valve, and a globe valve. The handle 
of the regular faucet is removed, so that patrons must use phenothia- 
zme-treated water for filling flower containers. 

The phenothiazine cartridges are replaced in the dispenser from 
time to time as required, according to use. The use of a transparent 
plastic nipple would facilitate inspection for renewals. 

For cemetei'y containers (as urns) which would not be filled with 
water from the dispensers, the use of phenothiazine-treated paper 
squares (see page S4S), or phenothiazine applied from shakers (like 
pepper) would appear to be appropriate. 

Ducicc.ltjbs. 

Duck clubs and mosquito abatement sometimes seem to be incom- 
patible. Theoretically, there should be no conflict in their interests. 



Figure 80 . Phenothiazine dispenser for filling 
flower vases in cemeteries 
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Practically, because of the widely divergent views held by duck hunt- 
ers, a great deal of dilBculty will be found on some properties, but no 
trouble or very little trouble on others. 

If the duck shooting season does not begin until November first 
or later when the weather is cold or cool enough either to stop mos- 
quito breeding entirely or to slow it down so much that the output is 
small, no difficulty is encountered. But many clubs start flooding 
their duck ponds months before the season opens, either because in- 
adequate pumping equipment makes prolonged pumping necessary 
or because they wish to have ponds ready in the early autumn to at- 
tract the forerunners of the main annual migration. In a few cases 
pumping begins as early as July. 

A few clubs keep their ponds flooded throughout the year. These 
ponds are no problem if they have sharp, steep banks and no shallow 
spots into which fish cannot freely penetrate, and if the water is main- 
tained at a constant elevation. Such continuously flooded ponds do not 
breed the most troublesome -.4 species, such as Aedes dorsalis; and 
the various species of Culex which might breed in permanent ponds 
usually can be controlled with Gambusia or other fish. 

The ponds most difficult to handle are those which are drained off 
in January or February after the duck season is over, are allowed to 
remain dry during the summer, and are then gradually flooded in the 
late summer or early fall while the weather is warm and especially 
suited to mosquito breeding. Under such conditions breeding is sure 
to occur, and the mosquito abatement crew’s troubles begin at once. 
As the water rises slowly, there is a constantly changing and very 
shallow margin. .4 edea eggs from preceding years promptly hatch 
as the water reaches them. The margins where the larvae appear in 
greatest numbers are too shallow for effective fish control, and the 
duck club owners usually protest violently against the use of oil. The 
distillates kill vegetation, heavy oils leave an unpleasant residue, and 
crude oils may damage ducks by contact with their feathers. The 
mosquito men are emphatically not wanted anywhere in the vicinity 
because their presence may scare off ducks already there or deter 
others from coming in. 

If you try to get the duck clubs to disk and level their ponds so that 
there are no shallow margins, and there is no vegetation with very 
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shallow water standing on it (this is necessary if fish control is to be 
successful), you may find that the duck hunters of that club want a 
lot of shallow water and as much marsh grass as possible. At another 
club you will find hunters with an entirely different idea on the sub- 
ject. No matter ^\hat is the logical and best method of handling a par- 
ticular mosquito breeding condition on a duck club, a perverse fate 
may decree that that particular club is vehemently opposed to that 
particular procedure. 

Much of the trouble encountered in handling duck club properties 
to prevent mosquito breeding is found in the almost infinite^ varied 
ideas which are held by duck hunters as to the best methods of at- 
tracting ducks. Another source of trouble is the vehemence and bit- 
ter animosity with which some will resist anything tending to run 
contrary to their established habits and preconceived opinions. 

Probably the majority of duck hunters are reasonable men and 
good citizens -who would prefer not to have swarms of annoying mos- 
quitoes on their duck preserves and who would not wish to have their 
properties the source of nuisance to others. But there are still too 
many duck hunters who seem to feel that as they have paid out con- 
siderable hard cash in making a place to which ducks will be tempted 
to come unsuspectingly to slaughter, they are entitled to conduct' the 
propei’ty as they please, and that the public has no rights which they 
are bound to respect. 

It is advisable to try to get along with the duck clubs peaceably 
and with the maximum possible amount of concession. Everytliing 
within reason should be done to show the duck clubs that the mos- 
quito abatement men do not wish to interfere with their chances of a 
successful shooting season, and are trying conscientiously to respect 
the rights of the club as far as can be done without jeopardizing the 
rights of the general public. If within one or two seasons substantial 
progress is not made, then newspaper publicity should be resorted to 
for the purpose of building a public sentiment favorable to effective 
mosquito abatement procedures the duck clubs. With this as a 
background the obdurate offenders should be prosecuted for main- 
taining a public nuisance, the most vociferous and offensive one be- 
ing taken first. A few successful prosecutions of the worst offenders 
will probably be sufficient. 
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The following general propositions are set forth as the funda- 
mentals of mosquito abatement on duck club properties. They must, 
of course, be modified in detail according to the special conditions 
existing on each property. 

1. Continuous, all-year flooding of ponds is permissible and approved, pro- 
vided the ponds are stocked with adequate larvicidal fish at all times and the 
water is maintained at a constant level. 

2. Intermittent maintenance of ponds is permissible, provided: a) the water 
is effectively removed early in the spring before breeding can occur; and b) 
tlje water is not put into the ponds in the fall until the weather is sufficiently 
cool to prevent mosquito breeding; or c) controlled reflooding and redraining 
(see page 1 83) is practiced for a sufficient number of cycles to completely elimi- 
nate all hatchable dedes eggs. 

3. Ponds must have sound, tight banks and bottoms which will not cause 
adjacent wet areas due to leakage. This may require that the ponds be disked 
and dragged during the summer. A band of sheep herded on and around the 
pond area is an excellent method of mulching and tamping the pond bottom and 
banks so as to make them tight and conserve water. The use of bentonite (a 
special type of clay) will usually stop leakage in even a very porous soil. The 
best method is to remove about six inches depth of soil from the bottom and 
sides of the pond, spread a layer of bentonite two inches thick, replace the re- 
moved soil carefully, and tamp or roll it. When flooded, the water causes the 
bentonite to swell and form a nearly watertight membrane. 

If, however, nothing is done to prevent pond leakage, then adequate drain 
ditches must he installed around the pond to intercept the seepage and conduct 
it away to a main drain or to a natural watercourse. 

4. Ponds must have sufficient depth throughout to avoid shallow areas into 
which fish cannot penetrate effectively. This is essential whether the ponds are 
continuonsly or intermittently flooded. Careful leveling of the bottom of an 
artificial pond is very desirable. 

5. Ponds must not he overgrown with vegetation, especially near and along 
the margins. Such vegetation prevents fish from effectively destroying mosquito 
larvae. Vegetation should he kept down either by mowing or preferably by 
disking, during the period when ponds are dry. 

6. If the pond water is pumped, the water supply and the pumping equip- 
ment should be adequate to fill the ponds with reasonable speed. 

7. If grass or vegetated areas are desired adjacent or contiguous to the 
ponds, these should be leveled off at about one foot above the water level of the 
ponds, so that there will be no low wet spots in the grass that may become mos- 
quito breeding places. 

8. Intermittent flooding or flooding early in the autumn may be permitted 
if there are effective drains leading to sufficient outlet gates of adequate ca- 
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pacity to drain the entire flooded area within, two or three days, so that ex- 
tensive mosquito breeding can be stopped promptly by draining the area. The 
gates should discharge into a bay^ sloughy stream, or body of water where mos- 
quito larvae will perish or be consumed by hsh. 

9. The inspectors of the mosquito abatement district must be permitted to 
inspect the area frequently to determine whether or not breeding is occurring. 

10. If larvae do appear, in spite of all measures that can be taken to pre- 
vent breeding, then oiling or larviciding must be permitted to prevent emer- 
gence of mosquitoes. If only a comparatively small amount of oiling is to be 
done, water-white kerosene may be used because it leaves no residue, it does 
not damage vegetation appreciably, and it does not seem to deter the ducks. If 
extensive areas are to be treated, an emulsion of py rethrum concentrate with 
kerosene and an emulsifier will probably be the most acceptable effective con- 
trol measure. 

11. For the reason that duck clubs impose additional costs upon mosquito 
abatement or public health agencies, it seems to be logical and reasonable that 
at least a large part of such added costs of mosquito control should be borne by 
the duck clubs. 

Impounded WATER 

The impounding or storage of water in reservoirs of any consid- 
erable size occurs usually under rural conditions. Storage reservoirs 
for water within cities are small or of moderate size, are almost in- 
variably constructed with concrete or masonry bottoms and walls, 
are frequently covered or roofed over, and sometimes are completely 
screened, Tbe constant inflow of water, the clean sides and bottoms, 
and tbe disturbance of the water surface make the urban storage res- 
ervoir unsuitable for mosquito breeding, and mosquito larvae are 
seldom or never found thereiti. However, the impounding of water in 
large storage reservoirs, usually behind dams in streams, for water 
supply, irrigation, hydroelectric powers or navigation, presents an 
enthely different situation. 

In the area from the Rocky Mountains to the Pacific Coast, where 
such reservoirs are formed usually in river canyons with steep-sided, 
rocky walls and floor, the amount of mosquito breedihg geiiei’ally is 
negligible or practically absent. When it occurs, it is found at mar- 
ginal areas, especially near the upper end, where the terrain flattens 
and leaves a shallow flooded area with more or less vegetation. As a 
rule, also, such reservoirs in the western states are located at consid- 
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erable distances from any communities, so that even if mosquito 
breeding does occur, it does not constitute a nuisance or a health 

In other parts of the world and wherever rivers with comparatively 
flat grades flow thi'ough a terrain of low relief, such reservoirs, 
whether for power, irrigation, or navigation, especially if not 
stripped, may become excellent breeding places for both aiiopheline 
and culicine mosquitoes. 

Carter, XePrince, and Griflltts^ called attention to mosquito breed™ 
ing in such impounded water as far back as 1915, and showed that it 
was important to eliminate the organic floatage which provides pro- 
tective shelter for Anopheles quadrimaculatus larvae. As the reser- 
voirs they studied had not been stripped before flooding, they recom- 
mended carrying the water level as high as possible during the win- 
ter months and as low as possible during the summer, with variations 
of levels on flood flows, for the double purpose of killing vegetation 
in the reservoir and for stranding floatage along the banks. 

Smillie® studied the effect of a newly constructed impounding res- 
ervoir for power development on the malaria incidence of an adjacent 
community in Alabama. The reservoir site was not stripped at first, 
and a considerable amount of Anopheles breeding occurred with a 
sharp outbreak of malaria as a result. Later this reservoir was stripped 
of vegetation in accordance with the regulations of the state board of 
health, resulting in a marked improvement in Anopheles control and 
in an abrupt lowering of malaria incidence. Smillie also called atten- 
tion to the reduction of mosquito production due to intentionally 
caused variations in the water level of the reservoir. He found a flight 
range of about one mile for Anopheles quadrimaculatus at this res- 
ervoir. 

The first state regulations governing the control of mosquito breed- 
ing in impounded water were promulgated in Alabama and Virginia 
in Since then several southern states have passed I'egulations: 

governing mosquito control in reservoirs. In general the regulations 
endeavor to provide conditions in reservoirs which will either eliminate 
or minimize mosquito breeding, or establish conditions favorable to 
the effective and economical control of mosquito breeding. 

The engineering design of dams in malarial areas should incor- 
porate devices for regulation of the water level in the reservoir, par- 
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iicularly for the purpose of causing fluctuations in water level at 
appropriate times according to season and stream flow. It may be diffi-. 
cult to reconcile the requirements of flood control, indgation, domestic 
water supply, hydroelectric power, navigation, and mosquito control^ 
but fortunately all these factors are usually not present in one reser- 
voir. In general, mosquito control requires that the water level be 
carried at a high elevation in winter and spring in order to kill shore- 
line vegetation? and then lowered during the summer and fall. This 
may conflict with flood control requirements of a low water level in- 
winter and spring in order to provide storage space to hold the win- 
ter and spring flood flows. Also, mosquito control requires tliat during 
the Anopheles breeding season there be periodic fluctuations in water 
level in the reservoir at weekly or ten-day intervals, partly to mini- 
mize aquatic or semi-aquatic growths at the shore line, and partly to 
strand the larvae of mosquitoes near shore or else to carry them into 
deeper water where they are more exposed to predators or to surface 
disturbance which prevents successful emergence from the aquatic 
stage. Such fluctuations may not fit in with the requii*ements of power, 
irrigation, or municipal water supply, on account of the variation in 
operating head or the wastage of water. 

Water level fluctuation may not be depended on by itself as a mos- 
quito control method, and usually supplementary control methods 
must be used. : 

In malarial ai’eas in particular, stiupping or clearing of the inun- 
dated area is essential, For domestic water supply the clearing is 
usually complete, to minimize objectionable tastes and odors. In res-' 
ervoirs for power, irrigation, or navigation, complete stripping may; 
not be considered essential for such puiposes, but for mosquito con-i 
trol purposes it should be very thorough to reduce organic floatage 


to the smallest possible amount. The stripping should include a pe- 
ripheral strip of ten feet in elevation above the flood water level. All 
trees should be logged off and removed if they are merchantable, and 
all brush, limbs, down timber, and organic trash piled and completely 
burned. 

During the construction of the dam, water should not be impounded 
during the mosquito breeding season. Any accumulation of water 
should be scheduled for the winter months only. After the reservoir is 
placed in operation, floatage should be passed over the dam spillway 
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as far as possible, or stranded on shore and piled and burned. Fluctua- 
tions in water level will assist in these procedures, It may take several 
seasons to eliminate the greatest p art of such floatage. 

The Tennessee Valley Authority has on some reservoirs dyked off 
shallow marginal areas, from which the water is pumped to dry them 
out and eliminate marginal breeding. 

These measures will minimize littoral mosquito breeding but prob- 
ably will not completely eliminate it, and supplementary larvicidal 
procedures will he required. Oil and Paris green are most used for 
this purpose, oil having probably a wider applicability, as it may be 
inadvisable, because of its effect on the public prejudices, to use Paris 
gi’een on reservoirs used for municipal water supply. Fither oil or 
Paris green can be applied by aeroplanes, power launches, or boats. 
Power launches for use on large reservoirs should have a minimum 
length of twenty-four feet, and should have an inhoai'd motor, electri- 
cally started. They should be equipped with either power dusting or 
power Spraying devices, for rapid and economical application of the 
Paris green or oil. 

Large reservoirs in a malarial area should be inspected and mos- 
quito conti’ol work supervised by a trained arid experienced man as- 
signed to the work. He should keep complete records of operations, 
including larval dippings and mosquito catches. 

If a new impounding reservoir is to be built within any reasonable 
distance of human habitations, a careful survey of mosquito and ma- 
lana prevalence should first be made by competent investigators, and 
the data preserved Under affidavit arid sealed, for future use in case 
lawsuits for damages should he filed aftei^ the reservoir is completed.'^ 
Unless this information is collected and preserved, the defense against 
such suits may he difficult. 

To minimize or obviate such suits, what are designated as “night 
easements” have been, purchased oh lands adjacent to reservoirs. By 
such easements the propeity owner abandons the right to occupy the 
property between sunset and sunrise. 
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SPECIES SANITATION AND NATURALISTIC CONTROL 

As IN many fields of man’s endeavor to improve conditions of living, 
the control of mosquitoes to date has made gi‘eat strides through 
applications of engineering. Biological knowledge, in this case knowl- 
edge of mosquito species, habits, and ecology, has made fundamental 
contributions but, owing to the more elusive intricacies of the bio- 
logical organism, has as usual lagged behind the knowledge and ap- 
plication of physical science. It is entirely probable, however, that 
progress toward effective control of these pests, particularly the dis- 
ease vectors, will from now on depend increasingly on the extension 
and application of biological knowledge. For this reason we have 
continually stressed throughout this book the importance in abate- 
ment procedures of the identification of the offending species and the 
application of biological measures to the fullest possible extent. The 
subject is far too large for comprehensive discussion in a handbook 
of this character, but it is hoped that the brief presentation of the 
subject in this final chapter will leave the reader vdth a biological 
point of view on the problem and stimulate a desire to I’ead nrtd to 
work more intensively along these lines. 

Many years ago, when it became known that mosquitoes breed in 
standing water, the obvious corollary was : ‘‘No standing water, no 
mosquitoes.” Following the important discovery by Ronald Ross in 
1897 that malaria is carried by mosquitoes, this corollary was ex- 
panded into the slogan, “No standing water, no mosquitoes ; no mos- 
qiiitoes, no malaria.” It all seemed verj^ simple; but we had much to 
learn. As HacketU has pointed out, the early investigators found lo- 
calities in Europe with great numbers of anopheline mosquitoes which 
had no malaria ; and also localities with a relatively small number of 
anophehnes which had a high incidence of malaria. Likewise, there 
was no malaria in some swampy regions; and there was a great deal 
of malaria in some regions without swamps. 

SPECIES SANITATION 

Ross in 1899 had foreshadowed this problem when in his work, in 
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India lie propounded t^vo questions of fundamental importance: 1) 
what species of mosquitoes do and do not cany malaria? and S) what 
are the habits of the dangerous varieties ? He had recognized three 
types of mosquitoes which he called brindled, grey, and dappled- 
winged, later distinguished as Culex, Aedes^ and Anopheles respec- 
tively. He found that his dappled-winged mosquitoes {Anopheles) 
were the transmitters of malaria, and he believed that by feeding 
sucK species on persons known to have malaria garaetocytes in their 
blood, the dangerous types of mosquitoes could be determined. But 
as all species of presumably can be infected under labora- 

tory conditions, the control of malaria by means of Anopheles con- 
trol appeared impracticable if not impossible. And this view was re- 
inforced by the failure of an inadequately conducted mosquito con- 
trol expenment at Mian Mar in 1901, which set back progress in 
malaria and mosquito control in India for many years.^ 

In Malaya, however, malaria research was begun in 1900 and has 
continued to this day. Sir Malcolm Watson,® after an initial success 
in controlling malaria at Klang and Poad: Swettenham in 1901, be- 
gan the fruitful investigations which showed that the problem of ma- 
laria control was entirely different in the hill m*eas than in the swamp 
areas. In the latter, open drainage was effective in controlling 
Anopheles wnbrosus, which was proved to be the carrier in the lowr- 
lands of Malaya; hut in the hill areas such drainage had no effect ex- 
cept to increase the malaria. The reason for this was that the hill 
area malaria was transinitted pymcipeAly hy Anopheles maculatiiSi s. 
sun-loving stream breeder, and that the other dozen or so species of 
Anopheles were not important as vectors of the di seas e. 

And so develop ed the idea, since abundantly pro ved in many in- 
stftnees, that in any malarial area only one or at most a veiy few of 
the local A nop/ieles species is the effective vector of malaria m that 
area; that malaria can be controlled in that area at reasonable cost 
by attacking the specific vector and that usually 

soiiie simple and perhaps relatively small change in environmental 
ccnditions will make it difficult or impossible for the specific vector to 
breed in appreciable numbers. This was the beginning of ‘‘species; 
sanitation,’^ a teiih coined by Swellengrebel.^ It is an apt expres- 
sion implying that the control measures must fit the particular of-; 
fending species. 
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Failure to recognize the difference in Anopheles breeding habits 
and other variations in their ecology was to prove costly in many 
cases. One of the most interesting situations was in the Philippine 
Islands (Luzon) at the time of the American occupation (1898 et 
seq*)> The Army medical officers had been led to look upon marsh 
areas as malarious and to regard the lowlands, in the vicinity of Ma- 
nila, for example, as extremely dangerous to the troops. Actually 
there was a low incidence of malaria in and about Manila, where the 
dominant anopheline, .d. ludlowi, is a poor transmitter under natural 
conditions ; but the rigidly held idea that “marshes equal malaria” led 
to the stationing of troops as much as possible in the hill areas near 
running water. Malaria promptly became a scourge among troops 
and civilians so situated, while the disease'remained relatively slight 
among troops and civilians quartered by necessity in the supposedly 
malarious lowlands. A report by Crosby and Wliitmore in 1904, 
buried in the medical records of Fort Stotsenburg and long neglected,® 
showed that the stream-breeding Anopheles minimus flauirostris of 
the hill ai’eas was an impoi’tant vector, in fact the vector of malaria 
in Luzon. But it took twenty-one years (to 19S6) for tliis informa- 
tion to be acted upon, even though Walker and Barber” in 1914 had 
again showed the stream-breeding .d. is to be the 

dangerous vector. 

Furthermore, iiwas discovered that certain types of breeding areas 
may be dangerous in some regions yet innocuous in other regions, 
Watson found that the Krian rice fields in Malaya •were healthy but 
that the Buket Gantang rice fields were malarious, owing to differ- 
ences inthe Anopheles fauna. Bice field areas in China usually are ma- 
larious, due not to Anopheles breeding in the rice paddies, but to 
Anopheles minimus breeding in the streams and ditches bringing 
water to the rice paddies . In some parts of Spaih ( for example, 
Valencia) rice culture is non-malarious, though the fields produce 
A, melanoon abundantly. In Portugal and in other parts of Spain 
rice fields produce the vector, Anopheles lahrancUae atropartius^ md. 
are malarious. 

Experience IN CALiroRNiA 

- W California in 1910, it was 

‘ obvious from the observed habits of the three species of Anopheles 
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mosquitoes in Califoniia that one species, Anopheles pseudopuncti- 
pennis, could have relative!}^ little inlluence upon malaria transmis- 
sion, as it was rarely taken within houses. It was a field mosquito 
Tather than a domestic or house mosquito. It might be effective as a 
vector where large numbers of persons slept out of doors or in poorly 
constructed shacks, but not among populations reasonably well 
boused. Anopheles ptinctipemiis vf as move frequently taken in houses,^^^^^ 
though we characterized it as typically a “porch biter,” but it was 
relatively not numerous in comparison with other anoplielines in ma- 
larious districts,® and its seasonal distribution differed from the sea- 
sonal distribution of malaria. This insect was relatively more numer- 
ous in the spring and early summer, and relatively less numerous in 
the late summer and autumn when malaria was at its peak. 

But Anopheles maculipemm did fit the seasonal distribution of 
the disease, did enter houses freely and attack man, had more or less 
domestic breeding habits, and dissections indicated that specimens in 
malarious areas were infected. But here we were faced with a para- 
doxical situation. A, macnlipennis was also found abundantly in the 
coastal counties where no malaria occurred, as well as in the interior 
valleys where malaria was endemic. We tried to ansAver this paradox 
with the fact that the average sustained summer temperature in the ! : 
coastal counties was too low for the ntaturation pf gametocytes in the ■ 
mosquito ; but in the vicinity of Menlo Bark Avhere ^. WflcwZipmm’s 
was abundant this temperature explanation was of very doubtful 
validity if not positively wrong. It was not until nearly thirty years / 
later that T. H. G. Aitken® showed that Ave had tAvo subspecies of A. 
macnlipennis, an interior variety 

which is an efficient vector of malaria, and a coastal variety ^, macu-^ 
lipennis occidentalis (Dyav and Kriab) which is not normally a ma-^ 
laria-vector. . ' 

Further, if, macuUpeMiis freeho^mi did not conform strictly to 
the formula of standing or stagnant Avater. It would not breed appre- 
ciably in stagnant or foul AVater and but seldom in deep or impounded 
Avater. Its obvious preference was for relatively cpol> sunlit, shallow 
seepage water in the presence of vegetation. This condition was pre- 
sented wherever irrigation was practiced, owing to leakage from new 
Ainlined irrigation canals or from poorly maintained- canals and 
ditches, and from excessive applications of irrigation water in the 
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early days of irrigation in northern California when water was cheap 
and abundant in relation to the acreage under irrigation. In later 
years higher cost of water and its lessened relative abundance brought 
about conservation of irrigation water in distribution and use, which 
undoubtedly resulted in a diminution of the numbers oiA, macidipen- 
nls freehornii irrespective of any mosquito abatement measures. 

Our prompt recognition of irrigation seepage as an important 
factor, emphasis on Anopheles maculipennis as the principal vector, 
and direct selective attack upon this vector produced almost star- 
tling results in the reduction or even in some cases complete extirpa- 
tion of malaria in limited areas (for example, Penryn) where malaria 
was endemic, at a small cost for the control measures. We were even 
able to get excellent malaria control in purely rural areas as well as 
in urban areas at a reasonable cost, contrary to Ross’s original ex- 
pectation and prophecy. 

The observed characteristics of this mosquito also explain why 
malaria was such a scourge of the gold camps under placer mining 
conditions in California in the 1850’s (it was called miner’s fever) , 
though it does not dii’ectly explain the terrific epidemics of malaria 
in the United States Army posts at Gamp Far West, thirty-five miles 
north of Sacramento, and at Camp Reading (now Redding) which 
were so severe that these posts were abandoned, the first in 186S and 
the second in 1856.^*^ However, the outbreak of malaria near Lodi in 
19S4j and 1936“ showed that when large numbers of both infected and 
non-inf ected persons camp out in the open under relatively primitive 
conditions (vi^'liich occurred in the great depression migration of 1934 
to 1937) the transmission of malaria by the available vector anophe- 
lines is bound to occm*. Probably tlie conditions in and 

1934-^36 were similar. 

Experience IN THE CENTRAI. AND SOUTHERN STATICS 

f ■ ■ 

In the central and southern sections of the United States it was 
recognized relatively early that the principal vector of malaria was 
A nopheles quadrhnaculatuSt a typical pon d breeder, and that other 
anophelines, such as were relatively of less importance. 

A . qmdrimaculaius has continued to be a distinct fsntity without ap- 
parent subspecies. While there has been considerable confusion in 
separating At. maculipennis ‘freehorni hoT^ A, quadHmacu1Mm^^\^^ 


846 MOSQUITO CONTROL 

two species are entirely distinct ecologically, and control measures 
wliich would have been effective against one would have failed against 
the other. 

The fact that A. quadrmaculatus is typically a pond or im- 
pounded water breeder has made necessary extensive control meas- 
ui’es on hydroelectric, navigation, Hood control, and public water 
supply reservoirs of the southern United States, But as we have pre- 
viously indicated, such measures are entirely unnecessary in the west- 
ern United States because of the different breeding habits of the 
western species and because of physical differences in the type of 
reservoirs. 

In Malaya, for a further example, no expenditures on malaria con- 
trol have been necessary at the hydroelectric reservoir at Chenderoh, 
as the vector in that region is not a reservoir breeder. 

Species eradication 

Up to 1940 little or no attention was given to the possibility of ex- 
tirpating an entire vector species of mosquito in any area, or if the 
subject Avas broached, it AVas immediately dismissed by experts as a 
chimerical idea proposed by a foolish enthusiast having little regard 
for either practicability or costs. True, malaria had been extirpated 
from a few limited regions (as Penryn, California) by anti-anophe- 
line measures, and it had disappeared for long periods from exten- 
sive regions in the United States, apparently due to better housing 
and better agiiculture. But that any important vector species . could 
be eradicated in any large area in tropical regions appeared to be 
impossible. 

But to confound the sceptics, exactly this has happened, and it can 
and wlh happen again, given only the opportunity, the resources and 
shill,, and the determination to do the job, Soper and Wilson^®' have 
described the highly successful campaign carried on by the Republic 
of Bra 2 il, assisted by the Rochefeller Toundation, which eliminated 
the very dangerous malaria Anopheles gamhiae from Brazil in 
twp years of steady, hard work; similar welLdirected work has elimi- 
nated Aedes aegypti from entire cities and their surrounding terrh 
tory. Soper and Wilson?® are of the. opinion that in the long run it is 
more practicable, more effective, and less expensive to eradicate a sper 
cics in a hmited area, and then carry on the relatively inexpensive 
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measures to prevent its reintroduction , than it is to carry on a con- 
tinuing campaign tliat aims mei-ely at reducing tlie numbers of vectors 
below the point at which a disease can continue endemically. 

Because of the importance of the ideas therein expressed, we quote 
directly from Soper and Wilson, pa-ge 2B3, as follows : 

The campaign against / 7 « 7 a 62 ae differed from i)revious campaigns against 
malaria in that the objective was not simply the control of malaria in the local 
population, but the eradication o£ the vector in the entire area, not only to pro- 
tect the local population against malaria, but also to prevent its spread to other 
regions. When the declared purpose of a campaign is the eradication of a 
species rather than the reduction in the incidence of disease caused by that 
species, the entire viewpoint of the service changes almost automatically. As 
long as evidence for the existence of the species continues to appear, the cam- 
paign has been a failure ; there is no such thing as partial success in species 
eradication, one either achieves glorious success or dismal failure. Estimates of 
progress based oh the traditional method of the malar iologist, such as spleen 
rates, blood parasite rates, clinical attack rates, infant infection rates, become 
invalid and subordinated to the simple question, “Is the species under attack 
still present in the area being worked?” 

These recent demonstrations that a species can be ei’adicated within 
a definite area open up new vistas of opportunities in tropical hy- 
^ene; sanitarians with imagination and a desire for as near an ap- 
proach to perfection as is humanly possible will see in them bqtli a 
challenge and an inspiratioii. After all, the greatest deterrent to tlie 
attainment of perfection is a compromise which is reasonably satis- 
■factory. ■ : ^ ' ' . ■ ' 

AeDES AEGYr»TI CONTKOL* 

The control of yellow fever has heretofore been based almost ex- 
clusively on the contimi of the principal urban vector, Aedes aegypUt 
and is therefore another example of species sanitation. 

In recent years, while control of this principal veetbr has remained 
a basic item in the prevention of urban yellow fevers other factors 
have entered into the problem. One is the successful development of a 
protective vaccine by which large numbers of people can be immunized 

* After the manuscript for this edition was completed, we received a copy of the imr 
portant publication, Soper, F.,L., Wilson, !). B., Luna, S.j and Sa Ahtuncs, W. The or- 
ganization of permanent nation-wide autl-Aedes aegypti measures in Brazil (New 
York: The Rockefeller Foundation, 1948) . This book will be most valuable to all persons 
working in the control of .if edcc ^ ^ ^ 
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against the disease; the other is the recognition of a non-nrban or 
“jungle” yellow fever (exactly the same disease) which is transmitted 
by a number of non-domestic tropical mosquitoes. While yellow fever 
vaccine has been used to protect civil populations in Brazil, especially 
in and near the jungle, at present it is used principally for the pro- 
tection of military personnel which may expect to campaign in re- 
gions where yellow fever is known to occur. In the future it will prob- 
ably be used extensively to protect civilians in potential yellow fever 


areas. 


However, it is doubtful if there will be any more success in obtain- 
ing complete vaccination against yellow fever in susceptible civilians 
in an endemic area, or in areas subject to occasional epidemics, than 
we have had in obtaining complete vaccination against smallpox. 
Therefore we can expect tliat in urban areas in those parts of the world 
where Aedes aeg^pti occurs the control or even eradication of this in- 
sect will continue to be a basic sanitary measure, especially as it is also 
a vector of dengue, against which disease no immunizing agent has 
been developed so far. 

Aedes ciegypti is a mosquito which breeds almost exclusively in ai'ti- 
ficial containers of water, in and immediately adjacent to human 
habitations. Although it is usually referred to as an mhan mosquito, 
it is found in rural districts within its normal range, but breeding is 
limited to close association with rural dAvellings. An effective aegypU 
campaign may not confine itself to strictly urhaix areas, hut must ex- 
tend into the suburban regions, and may be required to extend into 
the more developed rural areas. 

Since will breed in almost any type of container, bn, 

under, or ahoy e ground, and either within or without houses or build- 
ings occupied or iised by man, efforts for its control must be based bn 
infinite detail in painstaking search to find and cori’ect its breeding 
places, Inspe ctions must not only be thorough, but they must be re- 
peated regularly throughout the breeding season, and corrections 
should hb made as fax* as possible at the time of inspection. Inspec- 
tions should also be made the basis of informational efforts, in an en- 
deavor to educate the people as to the danger of permitting this spe- 
cies to breed and as to the methods of pi*eventing its breeding. 

^ there is an appreciable public fear, at times even ter? 

ror, of yellow fever and dengue, and therefore more attention to the 
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demands of sanitary authorities will probably be manifested in most 
communities where these diseases are a possible threat ; and as a rule 
public sentiment will be more apt to support prosecutions and other 
legal measures for persistent violation of notices to abate, than will be 
the case in communities where malaria is the important disease. 

There are two main groups of thought as to basic methods in Aedes 
aegypti control. One group would concentrate first on finding and 
correcting all tlie principal foci of breeding, whicli are comparatively 
permanent collections of water such as cisterns, sumps, fire barrels, 
and shallow wells, and ignore at first what may be called “temporary” 
breeding places, such as tin cans, flower vases, buckets, gourds, or roof 
gutters. This group considers that it is the principal or “mother” foci 
which enable the mosquito to carry over horn one season to the next; 
also, if the principal foci are eliminated, the number of adults avail- 
able to reinfest the temporary or casual breeding places will be so 
reduced that breeding will eventually die out or be reduced to small 
numbers of little or no sanitary significance. Furthermore, wrth such 
a routine program in effect, if a case of yellow fever or dengue should 
be introduced into the community a rapid and intensive campaign 
upon the casual breeding places, supplemented by adult destruction 
(culicidal sprays), shonid completely prevent any outbreak. 

It should be noted that the discovery and correction of all princi- 
pal or “mother” foci ai aegypti breeding may be quite difficult, as 
some of them wfill be well concealed and may be unobserved even by 
well-trained and experienced inspectors. The capture of adult mos- 
quitoes as an index is required to localize the search for concealed 
permanent breeding places. In fact, the presence and relative num- 
bers, or the complete absence, of Aedes aegyptiyi^ the best cri- 
terion as to failure, partial results , or success in the campai gn. 

The other group of thought would make a simultaneous attack 
upon all possible types of breeding places and continue this program 
as a regular procedure. Obviously, this system predicates a large in- 
spection and correction personnel from the beginning, a matter wliich 
presents certain practical difficulties. 

Given sufficient time, energy, skill, and funds, complete eradication 
of .4 in whole communities should be possible, as has been 

shown by the Yellow Fever Service in Brazil.'^ 

The most logical sequence of procedures in an Aedes aegypti cmi'- 
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paign (except under compulsion of an epidemic situation) appears to 
be the following : 

1. Begin with a comparatively small and selected inspection personnel to 
find and correct the permanent (“mother foci") breeding places on a 
systematized schedule, using this initial period for the careful training of 
this personnel ; 

2. With this primary inspection-correction program under way, begin and 
intensively prosecute public education measures, by all available 
methods j 

8 . As soon as the primary personnel is sufficiently trained and experienced 
to be dependable, begin the training of an augmented inspection and cor- 
rection force } 

4, Put the additional inspection and correction force to work on cleaning up 
all temporary container breeding, at the same time carrying on an inten- 
sive adiilt destruction campaign by spraying methods; 

6. Plan the measures necessary for the prevention of reinfestation of the 
area from outside sources and, as soon as success in eradication appears 
to be in sight, put them into effect. 


While efficiently conducted campaigns of the general type indi- 
cated should be eff ective in controlling and even in extirpating iiedes 
in limited areas and should therefore eliminate urban yellow 
fever and dengue in such areas, we ai’e unable to make any estimate of 
the practicability of the species sanitation of the vectors of jungle yel- 
low fever, as it appears that sufficient precise data are not yet avail- 
able for this purpose. yaccination may have to remain the primary 
protection for some time to come for persons who must be near or in 
the jungle, especially for the reason that the situation is complicated 
by the presence of jungle animals which are reservoirs of the virus. 

Likewise, no certain predictions as to the practicability of con- 
trol or eradication of the other vector of dengue, are 
possible at present. In view of the probability of extensive comrnit- 
ments for 'some time to come by military and occupational forces in 
the areas where tliis species exists, it appears strongly advisable that 
intensive studies be made of tliis species and the best methods for its 
control. However, we need not wait for needed research in these cases. 
Enough is known to enable us to make a successful attack upon this 
vector, though it probably will not be the most economical plan, In 
such circumstances the statement of Soper and Wilson 
p. S3S)' is particularly applicable : ‘^Under these conditions it was hot 


SPECIES SANITATION-NATURALISTIC CONTROL 861 

feasible to lose time in making careful surveys or extensive prelimi- 
nary studies of possible control methods ; it seemed rather more ex- 
pedient to learn how to get rid of gamhiae by actually getting rid of 
gcmhiae** 

Species sanitation or PEST MosauiTOEs 

Species sanitation was an idea developed in connection with the at- 
tack upon vector mosquitoes, but it is applicable to pest mosquitoes 
also. In fact, the campaigns against migratory salt-marsli mosquitoes 
are in effect a phase of species sanitation. It even extends to the mat- 
ter of subspecies among pest mosquitoes. 

Jobling** and several others have shown that our common domes- 
tic mosquito Culex pipims is a complex of two subspecies, a zoophi- 
\ovis C, pipiens pipiens and an anthropophilous C. pipiens wolestus. 
The former feeds principally on birds, rodents, and even frogs, and 
does not attack man; it hibernates, breeds preferably in relatively 
Clear water of low or moderate organic content, and does not develop 
effectively in highly polluted water. The man-biting (7. p, moledus, 
.on the contrary, does not hibernate and develops readily and appar- 
ently by preference in foul water such as the contents of cesspools. 
As yet little practical use has been made of this information concern- 
ing pipieiis, but it does suggest strongly that there may be 

other pest mosquitoes which have subspecies of different characteris- 
tics and bz’eeding habits ; that it may be possible to ignore the sub- 
species which do not attack man ; and that environmental changes may 
be effected which will mihimize the numbers of man-biters or substitute 
for them a subspecies (or other species) wliich is of no importance as 

a nuisance,'- y'.K: V 7-. 

NATURALISTIC CONTROL 

Practically every species of mosquito is to a greater or less extent 
limited in distnbution and multiplication to certain types of breed- 
ing places, in which only it can breed in effective numbers. "With some 
species the range in type of water for breeding is vezy narrowly z’e- 
stricted; in a few others, the .range is faiidy wide ; and with the re- 
mainder, the type of breeding water has a fairly definite pattern f or* 
each species. 

■; If we take cognizance of ^ natural restriction as to types of 
-bi'eeding pifices, and by relatively simple methods change, even very 


852 MOSQUITO CONTIIOL ^ 

slightly in some cases, the characteivof such water or its surroundings, 
it becomes impossible for a species limited to such breeding water to 
continue to breed in appreciable numbers or at all, and it therefore 
ceases to be of importance numerically either as a disease vector or as 
a pest. 

Any such dmnge in tlie chai’acter of the breeding water or its im- 
mediate environment, when made as a planned measure of mosquito 
conti'olj is termed a “naturalistic” control method, because it seeks 
to make changes in the natural conditions under which a particular 
mosquito species breeds, as distinguished from the mechanical or 
chemical methods of attack, such as drainage or larviciding. The 
method is ecological in concept and execution, rather than mechanistic. 

. These naturalistic methods of mosquito control are deserving of 
much greater use than they have heretofore had. It is always easier to 
follow along in the rut and use the old dependable, standardized meth- 
ods, than to exercise creative imagination to develop or adapt an eco- 
logical method of mosquito control. But progress comes from the lat- 
ter type of work. However, metliods are tested by results, and we must 
always keep in mind the idea that Ross*® stated many years ago in re- 
gard to malaria control : “The proper policy is not the protection 
policy, iior tlie mosquito reduction policy, nor the quinine policy, but 
an opportunist policy which uses any weapon it Can. Ultimately we 
have to frame our measures according to local feasibility.” 

H. Tl. Carter*^ was apparently one of the first to observe and record 
a naturalistic control measure, namely the variation of water levels in 
mill ponds, which acted as an aiiti-larval measure. In referring to 
changes in water level due to closing of mills over tlie iveek endsj Car- 
ter states : “These changes of elevation witliin a shorter time than the 


As the water falls it should leave some larvae stranded in the grass and 
behind drift, while the rise would exppse them to some extent to fish, 
from which the shallow water and other conditions at the edges had 
protected them; Accidental changes should work to their disadvantage 
because it would be a change from pi’otective conditions which they 
themselves had established.” Riuctuation of water level is being used 
by the Tennessee Valley Authority as an important measure in the 
conti'dl oi Anoplietes quud7'imaculatus in reservoirs along the Ten- 
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sliglitly in some cases, the chai‘acter of such water or its smToundings, 
it becomes impossible for a species limited to such breeding water to 
continue to breed in appreciable numbers or at all, and it therefore 
ceases to be of importance numerically either as a disease vector or as 
a pest. 

Any such change in the character of the breeding water or its im- 
mediate environmentj when made as a planned measure of mosquito 
control, is termed a ‘■naturalistic” control method, because it seeks 


to make cbanges in the natural conditions under which a particular 
mosquito species bi’ceds, as distinguished from the mechaiiicai or 
chemical methods of attack, such as drainage or larviciding. The 
method is ecologicalin concept and execution, ratlier than mechanistic. 
. These naturalistic methods of mosquito control are deserving of 
much greater use than they have heretofore had. It is always easier to 
follow along in the rut and use the old dependable, standai'dized meth- 
ods, than to exercise creative imagination to develop or adapt an eco- 
logical method of mosquito control. But progress comes from the lat- 
ter type of work. However, methods are tested by results, and we must 
always keep in mind the idea that Hoss^” stated many years ago in re- 
gard to malaria control; “The proper policy is not the protection 
policy, nor the mosquito reduction policy, nor the quinine policy, but 
an opportunist policy which uses any weapon it can. Ultimately we 
have to frame our irneasures accoi’ding to local feasibility,” 

H, B. Cfii’ter^^' was apparently one of the first to observe and record 
a naturalistic control measure, namely the variation of water levels in 
mill ponds, which acted as ah anti-Iarval measure. In referring to 
changes in water level due to closing of mills over the week ends, Car- 
ter states ; ‘‘These changes of elevation within a shoi'ter time than the 
cycle of deYclopmeht of the mosquito should tend to prevent breeding. 
Aa the watm^ falls it should leave some larvae stranded in the grass and 
behind drift, while the rise would expose them to some extent to fish, 
from which the shallow^ water and other conditions at the edges had 
protected them. Accident al changes should work to their disadvantage 
because; if would be d. change from proteetiye conditions whi cK they 


themselves had established” fluctuation of water level is being used 
by the Tennessee Valley Authority as an important measure in the 
•■v control of Anopheles quadrimaculakis in reservoirs along thc Ten-' 

'\Jnessoe'Kiver./:./'''-«::^4^.A- •■■■■. " r'' 
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Swellengrebe], and many ot}iers have contributed greatly 
to the development of naturalistic control methods, and Haclc- 
ett*^ and others have assisted in systematizing the basic ideas of the 
measures. 

A few examples of naturalistic methods of mosquito abatement will 
I help to illustrate the use of this method. 

Anopheles maculaiusj a stream breeding vector of malaria in the hill areas 
of Malaya, is a sunlight breeder. Clearing of jungles, especially along streams 
and ditches, actually increased its breeding and the incidence of malaria. Stop- 
ping such clearing and encouraging tlie development of jungle shade along 
water courses helped to reduce the malaria transmitted by this species. The 
development of automatic flushing devices was a further step in the economical 
control of this mosquito, Automatic or manually operated stream and ditch 
flushing devices are also effective against the stream hrteding Anophelee vniwi- 
(for example, in the Philippine Islands) and against the stream-bed hreed- 
, ing^. ouitci/rtotes in Ceylon. 

Similarly, the planting of dense vegetation over breeding places and even 
shading such places with matting have been valuable in reducing the breeding 
of Anopheles minimus in India, Coconut leaves have been used in like manner 
against A(, maculatus in Malaya. In northern India dense shading of the irriga- 
tion channels and the drains in the rice fields, by plantings of dhuranta (Dw- 
ranta pluptieri) oi: lantana {Lantana aenteaia) ov (Adhatoda vaaica), 

has effectively checked the breeding of the dangerous vector A n op heles mini- 
mns. In this region the still water of the rice paddies does not breed any vector 
auophelincS, ^ ^ ^ ^ ^ 

Apparently the effect of such plantings is not the effect of shade in deterring 
the presence of Anopheles minimus, hut i]\Q effect of dense shade in preventing 
the growth of vegetation in the water channels, for Thompson^® has pointed out 
that in the perennial streams oi As^sm Anopheles wimnms laryae are seldom 
found where the banks are bare of vegetation. 

The bi'eeding of in the .shallow ^'Kaciicha^' wells®® on tea 
estates in Assam and northern Bengal can be controlled by clearing so as to 
leave bare edges of soil at the water surface. Therefore with Anopheles mini- 
mus it is the absence of marginal vegetation, rather than lack of , 

aimlight, which is the ci'itical factor, 

If dense shading by hedges is to be used> it is important that ditch banks be 
raised sufficiently to enable the hedge to grow, for most shade shrubs will not 
grow in a waterlogged soil. Shade hedges should be pruned, preferably in the 
, rainy season, to keep them neat and tidy. 

Changing the salinity of water may have a profound effect upon the mos- 
quito population of a body of water. By means of automatic flap gates, 
Haekett®^ eliminated the breeding ot Anopheles sachatovi (^elutus)' in an er- 
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tensive swamp area near Durazzo, Albania, introducing salt water at one end 
of the swamp and removing the displaced water near the opposite end, thus 
increasing the salinity of the water above the optimum for that species. A few 
yeors afterwards, through neglect, the water in this area was allowed to freshen, 
and Anopheles sacharovi reappeared promptly. Paradoxically, A. sundaicus in 
the mangrove swamp regions of Malaya could be controlled by lowering the 
salinity of the water, whereas in Java®^ an increase in the salinity of the water 
in the fish ponds drove out /i . sundaicus, probably by changing the type of algae 
which grew in these ponds. 

Years before the connection between Anopheles and malaria was known, 
the Italians recognized that a mixture of salt water and fresh water in the 
coastal marshes resulted in intense malaria. Control gates to keep out salt 
water in summer, erected by Zendrini at Viareggio in 1740 and still in use tor 
day, have minimized the breeding of the brackish water vectors. ^4. sackarO'oi 
arid A. lahranchiae lahranchiae, and as a result these marshes and their vicinity 
have been liealthy,^^ 

An epidemic of malaria occurred at Falmouth^ on Antigua in the West 
Indies, due to interference with natural tide action, so that the water on shore- 
ward marshes freshened suiBciently to permit Anopheles albimanus to breed. 
Hurlbut,^^^ in studying this problem in Porto Rico, found, that A . olhinmnus 
could breed abundantly in certain brackish coastal lagoons, but that if these 
lagoons were opened up to normal tidal action, so as to bring the saline content 
up to an equivalent of over 50 per cent (preferably 76 per cent) of sea water, 
breeding ceased. 

In Holland it is recognized, that polders recently reclaimed from the sea are 
malarious, owing to the breeding of the vector species /I. lobranchiae atro- 
pai'vus^ a facultative brackish or fresh-water breeder, but with time these 
polders become freshenedj and then airoparvus is replaced by the relatively 
harmless^d. wesscae, which seems to be able to over-breed competitively and 
supplant oiropaiWKS in fresh water. 

Many species are quite fastidious and will not breed in foul water 

of high organic content. It is therefore possible to limit the breeding of s.uch 
species by deliberately polluting the breeding water with decomposable organic 
matter, Gut vegetation of various types packed into breeding pools, so that it 
rots and fouls the water, will usually prevent AnojAieles breeding, though it 
may result in a heavy infestation of certain culJcine mosquitoes. To overcome 
this> the herbage should be packed into the water until it extends above and 
completely covers the water surface. In India it has been found that fouling 
,with chopped cactus will prevent the breeding of Anopheles culicifaoies from 
■'.six to eight weeks. ; 

: The foregoing illustrations have been taken from the field of ma*-: 
laria control, for the reason that malaria control is probably one of 
the most intricate and involved of all the phases of mosquito abate- 
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ment, The variability of the problem on a 'ivorld-wide basis is cer-^ 
tainly considerabie; in any particular region successful control at 
reasonable cost can only be obtained by recognizing this variability^ 
approaching the study of the problem with an open mind to deter- 
mine all the factors in any local situation, and then applying the ap- 
propriate control measure or perhaps devising new control measures 
specifically adapted to the species of mosquito involved and the en- 
vironmental conditions under which it exists. 

Control efforts directed against a particular dangerous species of 
mosquito and naturalistic methods of control of such species have 
been more definitely used in the prevention of malaria than in any 
other aspect of mosquito abatement. Naturalistic methods can, how- 
ever, be used against any particular species of mosquito if only suffi- 
cient study is given to the ecology of each species to determine favor- 
able and unfavorable breeding conditions. But in the field of pest 
mosquito abatement, while some pi’ogress has been made, less use of 
naturalistic control methods has been obtained, though this plan of 
attack offers great opportunities for economies and effectiveness. 
With pest mosquito problems, the direct attack upon the important 
species (species sanitation) by the methods appropriate to that spe- 
cies is certainly obvious. What is less obvious is that in many cases 
more ingenuity coiild be used in adapting measures which effect an 
enviroiimerital change unfavorable to the breeding of a particular pest 
mosquito. There is no reason why naturalistic control methods cannot 
produce as good I’esults in pest mosquito control as in the control of 
malaria vectors. Drainage and the use of oil or other larvicides will 
probably renrtain the dependable control methods, but imagination 
and careful study certainly slioiild develop naturalistic methods of 
pest mosquito a,batement which ■\vili either reduce the cost of drainage 
and oiling or greatly enhance their effectiveness. Tor any specific 
a,batement problem such studies should yield advantageous results^ 
Tor example, the naturalistic method of controlled refioodihg and 
redraining should effect greater efficiency and ultimately Tnarked 
economy in the abatement of the various s alt-marsh mosquitp es, such 
as Aedes solUczicms^ dorsalisy A, casjpiuSi and 

A, Perhaps a modification of this method might be ap- 

plied successfully to the abatement of such flpod-rwater types as Aedes 
z/airaw and aldricM, Studies are surely needed to develop sue- 
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cess fill naturalistic methods of attack upon other pests, such as Manr 
soniaferturhamfmiiTsoroplioraconfinms, 

As an illustration of the variability of the mosquito control problem, 
we have prepared ArPBNDix a, paut i (page S61) , in which are listed 
geographically a considerable number of the anopheline mosquitoes 
with their more usual or typical breeding places, and tlie regions in 
which they are either important (primary) or secondary (occasional, 
or very localized) vectors of malaria. 

We have not attempted to prepare a similar table to include all the 
vectors of otlier mosquito-transmitted diseases, for the reason that our 
knowledge of the biology and ecology of many of these species is too 
meager and inexact for the purpose. However, in appendix b (page 
367) we have listed the known vectors of yellow fever, dengue, filari- 
asis, and encephalitis, with some information as to the approximate 
geographical ranges of these species. 

As a guide to the subject of species sanitation in the field of malaria 
control, we have prepared and present as paut ii of appendix a a 
chart showing the important vector Anopheles throughout the world, 
grouped geographically and according to the principal types of ; 
breeding places , with suggestions as to appropriate control measures. 

The basis for this chart was provided in a small chart devised by Sir 
Malcolm Watson (not published ) , -wlii ch we have greatly enlarged 
and extended. We have used it for a year or more in teaching medical 
and sanitary officers in the Navy and Army of the United States. It 
has passed through a number of revisions during this time, and we 
are especially indebted to Sir Rickard Ghristophers and Sir Malcolm 
W atson for so generously taking a great deal of time to advise us as 
to the Indian and Far East anophelines, and to Stanley B. Ei’eeborn : ; ; 

and many others who have offered valued suggestions. 

A generalized presentation of this type suffers from many diffi- 
culties, of which not the least is the lack of precision in regard to de- ; 

tails relating to many species. But its Advantages as an overall view 1 

of a very important matter are so great that they outweigh the ad- 
mitted faults and limitations. The chart probably contains some er- 
rors, but we hope th.M are errors of omission only. 

'. More precise charts can be : constructed along somewhat similai* 
lines for malaria vectors in limited regions. : ^ 

):" :;'; Clharts with^^ general purpose can also be constructed even-" ? . : i 
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tually for the important vectors of mosquito-transmitted diseases 
other than malaria. 

In ArpENDix c (page 371) we have presented the classification of 
mosquito abatement methods originally devised by Russell and Hack- 
etV® which we have modified and extended to cover pest mosquitoes 
as "well as malaria vectors. 

In APPENDIX D (page 374) we present material on the identifica- 
tion of niosquito genera and species, and the use of identification keys. 
This we have endeavored to simplify so that it will help the person who 
has not been technically trained in systematic entoinology to gain at 
least an insight into the methods of identification of mosquitoes. The 
systematists will pi’obably scoff at it, but we did not prepare it for 
their purposes. If it will help .doctors, engineers, and sanitarians, our 
purpose is attained. 

In APPENDIX E (page 390) are listed the more important books and 
technical articles relating to mosquito classification, identification, bi- 
ology, and ecology, grouped according to main geographical regions 
so as to guide anyone working in a particular area to the more impor- 
tant material dealing with the mosquitoes of that region. 

In conclusion, we state as our belief that there is no foohproof 
formula or infallible method for mosquito abatement. There is much 
that we know' concerning mosquito abatement methods, but probably 
much more that we do not know. In every new' situation we should first 
define the problem by careful and adequate field studies and then ap- 
ply the indicated appropriate abatement methods ; but we should keep 
an Open mind concerning methods and scrutinize them and their re- 
sults with a scientific scepticism which will not be satisfied wdth less 
than the nearest approach to perfection possible. And in any long ex- 
isting situation probably an even more sceptical attitude may be valu- 
able, for it is possible that an idea which has stood unchallenged for a 
generation may be wrong at least in part, having not kept pace with 
the accretions of new information. 

Continued research is necessai'y in mosquito control but it must 
not be limited to the laboratories of the universities. The true place 
of research is oh the job : every hour and every day in practical work 
mosquito abatement people in all ranks have opportunity to make 
observations of value, and by ingenious adaptation improve methods 
of attack on these enemies of , man. Mosquito control still has riot only 
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the fascination and intense interest of exploring the unknown and of 
giving opportunity for the trial of new ideas, but it also has the satis- 
faction of contributing greatly to the health, comfort, and prosperity 
of mankind. 
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Appendix A 

PART I. THE PRINCIPAL ANOPHELINES 
OP THE WORLD 

Their Typical Breeding Places and the Regions 
Where They Occur 


Region of malaria Typical breeding 

Species transmission places 


NORTH AMERICA, CENTRAL AMERICA, AND WEST INDIES 

4(.a?6Mnan«s Wiedemann Southeast Texas, coastal Sunlit swamps, pools, 

Mexico, Central America, lakes, fresh or bracitlsh 

West Indies 

A, aguaealis Cnrry Nicaragua, Panama, Trini* Brackish tidal swamps, 

dad, Lesser Antilles rice fields 

ieWoiorDyar and Knob Trinidad Brotnelinds 

A, crucians crucians Southern and eastern United Fresh water pools 

Wiedemann States? Mexico? West 

Indies? 

Root British Honduras, Guate- Lagoons, overflows, 

mala ponds, shaded, with 

vegetation 

ftacioris Ginquintn Mira Mexico? Guatemala? above Pools, wells, ponds, 

4,000 feet timughs 

A. maoulipennis asteats Mexico? Pools, ditcJios 

Hoffmann 

A, maoulipennis freeborni Western United States, Clean, siinlit, fresh seep- 
Aitken northwest Mexico age water 

A. pseudopunctipennis Southern and western United Sunlit water, algae 
pseudopunctipennis States? Mexico? Central 

Theobald America?, 

4. pseudopunctipennis Southwestern United States? Sunlit pools along rcced- 

franoisoanus northern Mexico? ing streams, algae 

McCracken 

A.punotimacula Mexico, Central America, Shaded swamps, pools, 

Dyarandknab Trinidad streams 

A. puncHpcnnis (Say) North America? Margins of streams, pools, 

cr»i*tr»rya. oVin/Ieii^ 
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Species 

Region of malaria 
transmission 

Typical breeding 
places 

A. uestipennis 
DyarandKnab 

Honduras? 

Shaded stveaws, pools, 
ponds 


SOUTH AMERICA 


A. albhnaivm Wiedemann 

Colombia, Ecuador, 

Venezuela 

Sunlit swamps, pools, 
lakes, fresh or brackish 

A.aJbitarsis 

Lynch Arrlbalzaga 

Northeast Argentina, Brazil, 
Guiaims? Paraguay, 
Venezuela? 

Large ponds, swamps, 
with vegetation 

A.aquasalisCuvry 

Brazil 

Brackisli tidal swamps, 
rice fields 

A.argyritarsis 

Bobincau-Defivoidy 

Brazil? Argentina? 

Pools, seepages 

A. darlingl Root 

Venezuela, Gulanas, BrazU, 
Argentina 

liftgoons, overflows, 
ponds, shaded, with 
vegetation 

A. pseudopHnetipennis 
psaitdopimctipennia 
Theobald 

Argentina, Chile 

Sunlit water, algae 


BunoPB 


A. alyoWotwis Theobald 

Italy? Macedonia? 

Marshes, sluggish 
streams, much vegeta- 
tion 

A. labranckiao atroparvm 
vanTldd 

Holland, Germany, northeast 
Italy, Spain, Portugal, 
Balkans 

Brackish or fresh water' 
swamps, pools 

AAabfftnchiao 

Zahrajtchtae Follei'onl 

Italy, southern Spain, Sicily, 
Sardinia, Corsica, Dalma- 
tian coast 

Coastal marshes, brack- 
ish; rice fields, upland 
streams 

A. maoiilipennU 

iiiaculipennis Meigen 

Hungary, Roumania, Mace- 
donia, southern Russia 

Fresh water pools. In hill 
areas 

A, melanoonmolanoon 
HacKett 

Italy? 

Marshes, rice fields 

mowoa Fallcrohl 

Ronmonla 

Lakes, ponds, marshes 

A, saQharovl Favr 

Italy, Sardinia, Balkans, cen- 
tral Russia 

Coastal marshes (brack- 
ish), inland marshes 
(fresh), in sunlight 

A. mperpiotus Grass! 

Spain, Italy, Greece, Jugo- 
slavia, Albania, Macedonia, 
Bulgaria, Thrace 

Stream bed pools, rocky 
or gravelly, hill or 
mountain areas 


xmiqA. 


A, algori6nsl$ Theobald 

Algeria? Egypt? 

Marshes, sluggish 
streams, much vegeto- 


!? : Notet A question mark indicutes doubtful importance in a particular re^on. 
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Species 

Region of malaria 
transinission 

Typical breeding 
places 

A. claviger (Meigen) 
(jzibifureattta) 

Northern Africa? 

Marshes, rock pools 

Patton 

Egypt? Somaliland? Sudan? 

Stream pools, springs, 
wells 

A, funeatus funestus 

Giles 

Tropical Africa 

Swamps, weedy streams, 
ponds, seepages 

J.^awbfno Giles 

Tropical Africa 

Small pools in direct sun- 
light. Occasionally In 
artificial containers, 
Highly domestic. A 
dark variety in bracldsh 
water 

A. haneocki Edwards 

Ceiitrfll Africa (n^est) ? 

Grassy pools, ditches, 
swamps 

A. Acr^^reoweffi Evans 

Central Africa (west)? 

Swamps, streams, ^vilh 
vegetation 

4. lahtanchiao 

Ifl&rwic/tiao Fallcroni 

Northwest coastal Africa 

Coastal marshes, brack- 
Ishj rice fields, upland 
streams 

A, marshallii gibbinai 
Evans 

Uganda? 

Slow, sliallow streams, 
drains, with vegetation, 
sunlit 

A, mouohatimouoheti 
: Evmis 

Central Africa? 

Margins of rivers, 
streams, pools, swamps 5 
vegetation 

A. moucheti nlgerlemis 
Evans 

Southern Nigeria? 

Swamps, vegetation 

A.multicolor Catnboullu 

North Africa, Egypt, Sudan 

Saline desert water? 
pools, drains, shallow 
wells 

^. n«i (Theobald) 

Central and southern Africa? 

Sides of streams, vegeta- 

Mozambique? 

tlon, shoded 

Aypkaroensis Theobald 

Sudan, upper Egypt, central 

Swamps, rice fields, vege- 

and southern Africa? 

tation 

A.pretofienais 

Central and southeastern 

Small pools without shade 

, (Theobald) 

Africa? 

or vegetation 

A. sergentl (Theobald) 

Algeria? Tunisia? Egypt 

■ ASIA 

Rice fields, borrow pits, 
ditches, with vegetation 

A.xiconitus Do nibs 

India? Duma? Thailand? 
Malaya PIndo-China? ' ^ 

Swamps, ponds, pools, 
rice fields, ditches 

A.mrmUiTU 

India? Burma? souUiern 

Ponds (vegetation). 

variderWulp 

China? Formosa? Thai- 

streams, ditches, lakes 
(marginal) 

{^ fuUginoma Giles) 

land? Indo-China? 

Malaya? 




Jl 


Species 

Region of malaria 
transmission 

Typical breeding 
places 

A. vostijwinis 

Dyar and Knab 

Honduras? 

Shaded streams, pools, 
ponds 


SOOTH AMERICA 


oifefsnnjsw Wiedemann 

Colombia, Ecuador, 

Venezuela 

Sunlit swamps, pools, 
lakes, fresh or brackish 

Lynch Arribnlzaga 

Northeast Argentina, Brazil, 
Guianas? Paraguay, 
Venezuela? 

Large ponds, swamps, 
with vegetation 

A, etqtmalU Curry 

Brazil 

Brackish tidal swamps, 
rice fields 

A,arffyritaY$is 

Bobineau-Deavoldy 

Brazil? Argentina? 

Bools, seepages 

A. darlingi Boot 

Venezuela, Guianas, Brazil, 
Argentina 

Lagoons, overflows, 
ponds, shaded, with 
vegetation 

A , psendopunotipennii 
pseudo fvnctipennis 
Theobald 

Argentina, Chile 

Sunlit waterj olgae 


EUnOPB 


A. algerUnsis Theobald 

Italy? Macedonia? 

Marshes, sluggish 
streoms, much vegeta- 
tlon 

A, fabraiwWae a{ropai*xjt« 
vonTliiel 

Holland, Germany, northeast 
Italy, Spalijj Portugal, 
Ballians 

Brackish or fresh water 
swamps, pools 

4, labranchiae 

(«6raneW«c FaUaroni 

Italy, southern Spain, Sicily, 
Sardinia, Corsica, Dalma- 
tian coast 

Coastal morshes, brack- 
ish; rice fields, upland 
streams 

4, mdcitlipmnis 

maculipennie Meigen 

Hungary, Roumania, Mace- 
donia, southern Russia 

Fresh water pools, in hill 
areas 

A, melanoomneltinoon 
Hackelt 

Italy? 

Marshes, rice fields 

A, irtcsacttc Pallcroni 

Roumania 

Lakes, ponds, raarshea 

A, sacherouC Fttvr 

Italy, Sardinia, Balkans, cen- 
tral Russia 

Coastal marshes ^btack- 
Ish), inland marshes 
(fresh), in sunlight 

A, siiporpictus Grassi 

Spain, Italy, Greece, J ugo- 
slavlft, Albania, Macedonia, 
Bulgaria, Thrace 

stream bed pools, rodey 
or gravelly, hill or 
mountain areas 


AFRICA 


/I* olpaHensia Theobald 

Algeria? Egypt? 

Marshes, sluggish 
streams, much veget^ 
tlon 


Notes A question mark Indicates doubtful importance In a particular region. 
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Species 

Region of malaria 
transmission 

Typical breeding 
places 

A. claviffer (Meigeii) 

(= bifurcatus) 

Northern Africa? 

Marshes, rock pools 

A, d’thali Patton 

Egypt? Somaliland? Sudan? 

Stream pools, springs, 
wells 

A.funestm funestus 

Giles 

Tropicol Africa 

Swamps, weedy streams, 
ponds, seepages 

A. j/aw 6 in 6 Giles 

Tropical Africa 

Small j>ools In direct sun- 
light. Occasionally in 
artificial containers. 
Highly dome.stic. A 
dark variety in brackish 
water 

A* hancockl Edwards 

Central Africa (west) ? 

Grassy pools, ditches, 
swamps 

hargreavesi Evans 

Central Africa (west)? 

Swamps, streams, with 
vegetation 

A. labraacMae 

lahranchiae Falleroni 

Northwest coastal Africa 

Coastal marshes, brack- 
islis rice flelds, upland 
streams 

A, marahallii gibbmsi 
Evans 

Uganda? 

Slow, shallow streams, 
drains, wilii vegetation, 
sunlit 

A, mouolieti mouclieti 
Evons 

Central Africa? 

Margins of rivers, 
s trcams, pools, swamps 5 
vegetation 

A. vioucheti nigerientis 
Evans 

Southern Nigeria? 

Swamps, vegetation 

A. mtiUicalor Cnmbouliu 

North AfricBj Egypt, Sudan 

Saline desert water; 
pools, drains, shallow 
wells 

(Theobald) 

Central and southern Africa? 
Mozambique? 

Sides of streams, vegeta- 
tion, shaded 

Theobald 

Sudan, upper Egypt, central 
and southern Africa? 

Swamps, rice fields, vege- 
tation 

A.2^fatoriensh 

(Theobald) 

Central and southeastern 
Africa? 

Small pools without shade 
or vegetation 

A. sergenU (Theobald) 

Algeria? Tunisia? Egypt 

Bice flelds, borrow pits, 
ditches, with vegetation 


ASIA 


A.acQn{tusT)‘6nit!>', 

India? Burma? Thailand? 
Malaya? Indo-Ghinn? 

Swamps, ponds^ pools, 
rice fields, ditches 

A.anrmUtria 
yander Wulp 
(= fuliginosua Giles ) 

India? Burma? soutliern 
China? Formosa? Thai- 
landP Indo-China? 

Malaya? , 

Ponds (vegetation) , 
streams, ditches, lakes 
(marginal) 


Note? A question mark Indicates doubtful Importance in a partletilar region. 
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Species 

Region of malaria 
transmission 

Typical breeding 
places 

At bnrbiroHris 
bdrbirostrls 
van der Wiilp 

India? Burma? Thailand? 
China? IndO'China? 

Malaya ? 

Streams, ponds, pools, 
rice Helds, brackish 
swamps, usually shaded 

At culictfacies Giles 

Ceylon, India, Burma, Thai- 
land, south Arabia 

Stream bed pools, pools of 
all types 

A, fluvintilis J ames 
(~ lisfoni Liston ) 

India (above 1,000 feet ele- 
vation In south India), 
Burma, Thailand? 

Stream edges, stream 
pools, ditches 

Giles 

Arabian peninsula 

Small pools in direct sun- 
light 

A . 7ii/rcamist nifferrimui 
Giles 

Malaya? Burma? Thailand? 
China? Indo'Cbina? 

Riee fields, canals, im- 
pounded water 

A. h'l/fcaims sine7i^is 
Wiedemann 

Burma? Indo-China? China? 
Korea? Japan? Formosa? 

nice fields, swamps, 
ponds 

A. je^poriensis 

^e^porimsia 3 amdB 

Eastern India? 

Streams, lakes, ponds 

A. jei/iJoHensis 

ooadtdi^H^?^ Koidzuttii 

Tonkin? 

Ditches 

A. hochiVi'dnltsi 

India? Burma? Malaya? 

Small, muddy pools j 
ditches 

A, l0«cosp7ii/.n/^ 

loucospftjrr«« DbnUii 

India? Burma? Malaya? 
Indo-Cbina? 

Hoclty pools 

A.labramhiao 

fttropartms van Thiel 

Siberia, Mongolia, north 
Manchukuo 

Brackish and fresh water 
swamps, pools 

A, maculahi» ni<lcw^a^«s 
Theobald 

Malaya, Burma, Indo-China, 
Thailand, south China? 

Streams, river and stream 
bed pools, seepages, in 
sunlight 

vf. ifiini-mMs Theobald 

Eastern and northern India, 
Assam, Burnaa, Thailand, 
Tndo-Chinn, southern ' 
GEdna, Formosa 

Clear, sunlit streams, 
ditches, springs, pools, 
with vegetation 

A, palUdiia Theobald 

Indio? Ceylon? Burma? 

Ponds, rice fields, ditches 

yi, pa^^om Christophers 

Japan, China north of 80® N. 

Stream bed pools, rain 
water pools .. 

A, philipptnensis Ludlow 

Bengal, Malaya? Thailand? 
Burma? indo-Chlna? 

Pools, ponds, swamps, 
ditches, rice fields 

pw/cftam'iit'us Theobald 

Mesopotamia? Iran? Turke- 
stan? India? . 

Swamps, ])ools, rice fields 

At ramsajfi Covell 

India? Burma? Thailand? 

Swamps, rain pools 

At sacharovi Favr : 

Transcaucasia, Iron, Iraq, 
west China 

Brackish and fresh water* 
swamps, pools 

A . asi'ffsnU (Theobald) 

Polestine, Syria? northwest 
India? 

Rice fields, borrow pits, 

: ditches, with vegetation 


Note! A question rntirk indicates doubtful importance in a porticulftr regflon. 
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Species 

Eegion of malaria 
transmission 

Typical breeding 
places 

A. aplendidm Koldzurui 

India? China? Thailand? 
Formosa? 

Small pools, with algae, 
vegetation 

A. stephenalstephensi 
Idston 

Arabia, Ii'aq, Iran, India, 
Burma 

Wells, cisterns, artificial 
containers (urban) 

A . 8itb2nctti9 «ti6ptc(v8 

Grnssi 

(= rossi Giles) 

India? Malaya? 

Any water, fresh or 
brnefcish or polluted 

A. aandaious 
(Roclcnwttldt) 

Bengal, Malaya, Indo-Chlna, 
Burma? Thailand? 

Brackish water swamps, 
lagoons, ponds 

A. super pictua Grass! 

Anatolia, Cyprus, Caucosus, 
Transcaucasia, Palestine, 
Syria, Mesopotamia, Iran, 
northwest India, southwest 
Siberia 

Stream bed pools, rocky 
or gravelly, hill or 
mountain areas 

A. tessellatm Tlieobald 

Indo-Cliina? 

Stream margins, rice 
fields, pools 

A . turkJmdi I-lston 

Arabia? Iran? India? 

Rain water pools, stream 
bed pools 

A.unibrosus (Theobald) 

Malaya, eastern India, 

Burma, Indo-China 

Jungle pools and swamps, 
mangrove swamps, deep 
shade 

A. va^us vaffus Udnltz 

India? 

Small pools. In and about 
villages 

A . varuna Iyengar 

India? Burma? 

Pools, ditches, wells 

EAST INDIES AND 1»HII.IPPINE ARCmPELAQOKS 

A , aeonitus Ddnlta 

Sumatra? Java? Borneo? 
Celebes? 

Swampg, ponds, pools, 
rlcc fields, ditches 

A. annularis van der Wulp 
{— fuUginosua Giles) 

Sumatra? Java? Philippines? 

Ponds (vegetation), 
streams, ditches, lakes 
(marginal) 

A.harhirostris 
borMrostyl* 
van der Wulp 

Sumatra? Java? Borneo? 
Celebes? New Guinea? 
Philippines? 

Streams, ponds, pools, 
rice fields, brackish 
swamps, usually 
shaded 

A, hyreanns nigerrimm 
Giles 

Sumatra? Java? Borneo? 
Celebes? Philippines? 

Rice fields, canals, im- 
pounded water 

A,kocUiT)bn\^z 

Sumatra? Java? Borneo? 
Moluccas? Philippines? 

Small muddy pools, 
ditches 

A^ Imicosphyrus 

teucosphyrus DSuita 

Sumatra? Java? Borneo? 
PbtUppines? 

Rocky pools 

A, woealatas macwlatus 
Theobald 

Netherlands Indies? 
Philippines? 

Streams, iTver and stream 
bed pools, seepagfes, in 
sunlight 


Notes A question maYk indicates doubtful importance iu a particular Vegion. 
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Species 

Region of malaria 
transmission 

Typical breeding 
places 

A» mctuffijanns (Banks) 

PWlippine Islands 

Shallow streams in hill or 
mountain areas 

A. minimus fiavirostris 
(Ludlow) 

Philippine Islands 

Sliaded streams, ditches, 
pools 

A . phiUj}pinensi9 
(Ludlow) 

Philippine Islands? 

Pools, ponds, swanips, 
ditches, rice fields 

A . 8ubpictu9 subpioivs 
GrassI 

(=msi Giles) 

Netherlands Indies? Celebes, 
New Guinea? 

Any water, fresli or 
braekish or polluted 

A . mbpietua indefinilMs 
(Ludlow) 

Philippine Islands? 

Sunlit streams, ditches, 
pools, wells, sometimes 
brackish 

A. sunthictts 
(Bodenwaldt) 

Sumatra, Borneo, Java 

Brackisii water swamps, 
lagoons, ponds 

A-^unibrosm (Theobald) 

Sumatra, Java, Borneo, 
Celebes 

Jungle pools and swamps, 
mangrove swamps, 
deep shade 

4. vagus Umostis ICing 

Philippine Islands? 

Muddy open pools, muddy 
ditches 


AU6TIIALIA., MBI.A.NE81A, UOUYNESJA 

A, aiifiulipes annuUpes 
Walker 

Australia? Tasmania? 

Shallow grassy pools, 
marshes, streams, some- 
times brackish water 

/I, bftiicro/tiGilcs 

New Guinea? northern 
Australia? 

Shallow, slow moving 
water, with vegetation 

A, punotulatus 

puucfulftiws Dbnitz 

New Guinea, islands west of, 
Celebes and Timor, Mela- 
nesia north of 20® S,, west 
of 170“ B. { northern 
Australia 

Open rain pools, stream 
margins, in sunliglit 

punctidfltus 
‘mo/itccfiTMfo r 

(Swellcngrebel and 
Swellengrehel de 
Gr«af) 

Moluccas, New Britain, New 
Guinea, ; New Hebrides, 
Admiralty Islands, north- 
ern Australia 

Auy water, fresh of 
brackish, clear or 
polluted 


Note: A qwestioh mnvk indicates douktfui Impovtance in apaTticniav TCf^on. 






PART I (cont.) 


Species 

Region 

Typical breeding 
places 

Aedea punotoooataUa 

West Africa 

Water in temporary 
ground pools 

Aedea triaeriatm 

Eastern United States 

Water in tree holes 

Aedea gemeutatva 

Asia Minor 

Water In tree holes 

Aedea cdhopictua 

North Australia, Madagas- 
car, Netherlands Indies, 
Fiji, Japan, China coast, 
Indo-China, Thailand, 

Philippine Islands, India, 
Ceylon, Hawaii, New 
Guinea 

Water In artificial con- 
tainers ^ tree holes, leaf 
axils, rock pools, in 
wooded areas 

Cuiaa thalaBsi'ua 

West, south, and east Africa 

Water in crab holes, 
ground pools 


Notes At least a dozen other species of mosquitoes have been proven experimentally 
to be good incubators for the virus of yellow fever, but are not considered to be trans- 
mitters. 


PART II. VECTORS OF DENGUE 

Aedea aegppU Southern United States, Ceu- Water in all kinds of artl- 

tral America, Me^deo, West flcinl containers, in 

Indies, tropical and sub- close association with 

tropical South America, human habitations 

tropical 'and sub-tropical 
Africa, including the Nile 
valley, Mediterranean ba- 
sin, India, Indo-China, 

New Guinea, Celebes, 

Queensland, Pacific Islands 

Jedoa dlhopiottfrS North Australia, Madagns- Water in artificial con- 

cav, Netherlands Indies, tainers; tree holes, leaf 

Fiji, Japan, Gldna coast, axils, rock pools, In 

Indo-China, Thailand, wooded areas 

Philippine Islands, India, 

Ceylon, Hawaii, New 
Guinea 

A nmiff^reB obtumns Formosa, J apan, : south and Polluted water and water 

central China, India, Gey- in artificial containers 
■ km, Borneo, New Guinea, 

■■ Queensland. 


PART III. VECTORS OP FIDARIASIS 
{WUCHmERIA BANCROFTI) 


Cule» guingmfaaciains 
(~ Gulem fatij^ana) 



South China, Foochow, Woo- Water in artificial con- 
sung, Hongkong, For- tainers, especially in 
mosa, Hoko Island, Gele- ' sewage or organic con- 
bes, India, Netherlands laminated water about 
Indies, Egypt, Brazil, Pa- human habitations, usu- 
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PAUT III (cont.) 


Species 

Region 

Typical breedin^cj 
places 


eifle Islands, Australia, 
West Indies, Philippine 
Islands. Tropical and sub- 
tropical regions 

ally covered or well 
shaded 

Guhx pipions pallens 

Central China, Foochow, 
Woosuug, Shanghai, Ja- 
pan, Egypt (Cairo) 

Similar to Cttleai quinque- 
faiciatus 

Anopheles hyrean/ua 
sinensis 

Yangtze valley, Amoy, Woo- 
sung, Foochow, Soochow, 
Shanghai, Hongkong, Thai- 
land, Burma, Malaya 

Rice fields, ponds, ditches, 
canals 

Aedes seiUellariai 

(— Aodes varie^attts) 

Ftveifle Islands, exclusive of 
Hawaii 

Water In artificial con- 
tainers, tree holes, etc. 

Aedea togoi 

Foochow, Hongkong, Japan 

Rock pools near sea shore 

Anopheles anhjnctus 
(= Anopheles rossi) 

India 

Any water, clean or pol- 
luted, fresh or brackish 

Anopheles cvjnlctna 

North Queensland 

Pools, clean or polluted 

Anopheles fnnestus 

Tropical Africa 

Swamps, weedy streams, 
seepage 

Anopheles inaculatm 

Hongkong, Foochow 

River and stream bed 
pools and seepages, in 
sunlight 

Anopheles minimus 

Hongkong, Foochow 

Clear sunlit streams, 
ditches, springs and 
pools, with vegetation 

Anopheles gambiae 

Tropical and south Africa 

Small pools in direct sun- 
light, occasionally in nv- 
tlficlal containers j high- 
ly domestic 

Quhx tvttaeniorhynchua 

Woosung, Fooclvow, Shang- 
hai 

Water in ground pools 

Oiileio Vagans 

Shanghai 

Water in artificial con- 
tainers 

Cnlexfmcamis 

SliHiighai 

Water in artificial con- 
tainers 

Onlexvoraoi 

Shanghai 

Water in artifleiai con- 
tainers 


NoteJ Well over 30 species of mosquitoes {CuUx, Ano^lieXtsSj Aodes, and JI/ansom«) 
are known to be transmitters of W«cli6re>'ia [)ano>‘o/ii infection. 

WuchorerUt malayi pnrnsitizcs inan, causing elephantiasis of the upper ex- 
tremities, in the Netherlands Indies, Celebes, Chekiang Province, Indo-Chinn, New 
Guineu, nnd Japan. Various mosquibes of the genus Majwonia (JfoTWO^n'oklas) arc 
transmitters. Larvae of these mosquitoes attach themselves to aquatic vegetation, e.g., 
Pistia. 

iThls day-biting species transmits the disease in areas where Wuchereria banorofti 
does not exhibit a nocturnal periodicity. 


PART IV. VECTORS GE EPIDEMIC (VIRUS) ENCEPHALITIS 


Species 

Region 

Typical breeding 
places 

toreah's 

Pacific Coast, Texas, western 
United States (St, I^uis 

All types of sunlit fresh- 


water pools and drains, 


and Western Equine types } 

particiilarly with or- 


fully incriminated in field 
and laboratory) 

ganic pollution 


Notes The following 8 pedes have transmitted the several viruses experimentally In 
the laboratory, and are possible (some of them probable) vectors under appropriate 
conditions. 

St. Louis virus only-— Ciifcco pCptens (-moiestus?), Owloas pipions paWons, Calca? coi'0~ 
nafor, Culijeta incidcns, CitKsetn inornnttt 
ISnstcvn vhnis only — Aedes atyo2}a{2Mfi, Aodes trlBoriatus, Aodos oimtator 

Western Equine virns only — Aedes dorsalis (fresh-water form), Aedes albopictvs 
Bustern Equine virus and Western Equine virus — Aedos aegypti, Aedes soUieltans, 
Aedes sylvestr'is 

St. I.nuis virus and AVestern Equine virus — Aedes lateralis, Aedes taeniorhynous, 
Aedes nigromaeulis 

St. I.ouis virus, Western Equine virus, Eastern Equine virus — Aedes vemna 


Appendix C 

A CLASSIFICATION OF MOSQUITO ABATEMENT 
METHODS 


AGAINST AGUATIC STAGES 

I, MEClIAmCdL 

a. Drainage 

1. Open 

2. Subsurface 
8. Vertical 

b. Pumping 

1. Surface water 

2. Subsurface (well) water 

c. Diversion of wfiter 

d. Channeling of streams and 

sloughs 

e. Filling in low areas 

f. Restriction or control of exces- 

sive use or needless abuse of 
irrigation water 

g. Miscellaneous 

1. Screeningor mosquito-proof- 

ing cisterns, wells, and 
water containers 

2, Removal or destruction of 

unnecessary artificial wa- 
ter containers 

8. Removal of protective vege- 
tation or floatage 
4>. Repair of leaks or defects 
in water supply, plumb- 
ing, or drainage systems 
5. Tree surgery 


AGAINST ADULT MOSQUITOES 

I. MECHANICAL 

a. Screens 
Nets 

Special clothing 

b. Deterrents 

Fans and punkahs 
Exposure to wind 

c. Trapping 

1. Baited traps 

2. Light traps 

d. Hand catching and killing 

1. Active season killing 

2. Winter killing 

e. Hemoval of houses or villages 

to sites beyond flight range 


Notet This classificatlou Is modified from Russell, P. F., and Hackett, 1^. W, A new 
classification of mosquito control measures. Acta Conventus TertiJ Ac Tropicia atque 
Malaria Morbis, Part 2, 96-99. Amsterdam: Societas Neerdlanclica iMedicinae Tropl- 
coc, 1088. 



I I ; 

against AQUATIC STAGJ3S 

AGAINST ADUXT MOSQUITOES 

i \ 

II. TOXIC 

II, TOXIC 


a. Petroleum derivative oils 

a. Sprays 

1 :'!il ■ . 

1' ■ i'^. ■ '. 

1. Direct refinery products 

b. Fumigants 

! 

2. Treated oils, for increased 

0 . Chemical repellents 

■H \ 

i';j. • 

It;- . 
ilt:-' 

- ;■ y ■■■ 

I-;'.*' 

: i ■> 

k h 
kt- 

il; • • 

toxicity or increased 
spreading capacity 

8. Reclaimed waste oils 

b. Larvicides 

1. Emalaioiis 

Py rethrum 

Ctesylic or phenolic acids 

2. Soluble poisons 

3. Solids (powdered) 

Paris green 

Pheiiothia5?ine 

Gesarol (DDT) 

c. Toxic gases 

III, NATURALISTIC 

ni, NATURALISTIC 

W- ^ 

a. Chemical 

a. Chemical 

- 

I. Changing salt (NnCl) con- 

J. Administration of drugs like 


tent of water 

sulphur which cause odor- 

It;: r 

Salinification 

ous perspiration 


Freshening 

2. Creating repellent barriers 


2. Pollution 

of odorous plants 

Iv-:- 

f . - 

•j :t . 

•t ■ . '■. ■■'■ - .. 

li- . .-=■ ■■:' ••■ 

r V 

with decaying vegetation 
(herbage packing) 
with sewage or wastes 

3. Stagnating 

b. Physical 

b. Physical 

tt ' - : ■ ■ - -- ■- ’ 

I. Drying by agricultural use 

• 3. Clearing, destruction, or re- 

1- 

f.r .. 

or by special plantings 

moval of shelter 

it; ^ t.- - t. ■ ■■; 

2. Natural fills (silting) 

2; Creation of plant barriers to 


8. Setting water in motion 

flight 


4, Intermittent drying 

5. Fluctuating water levels 

8. Rendering dwellings, espe- 
cially bedrooms, unattrac- 


6. Flushing or sluicing 
Automatic 

Hand operated 

7. Constant level flooding 

8. Controlled reflooding and 

redraining 

P. Agitation 

tive to mosquitoes 


Volumetric (see 0) 

.. Surface^ especially by wind 
, ; ' : 10, Shading to exclude sunlight 

: 1,1. Clearing to expose to sun- 



light 



^ Muddying 
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AGAINST AQUATIC STAGES 
Biological 

1. Introduction of natural 

enemies 
Pi’edatory fish 
Other aquatic predators 

2. Changing flora and fauna to 

unsuitable or competitive 
types 

3. Elimination or destruction 

of aquatic food supplies 
(copper sulphate as an al- 
gicide) 


against adult MOSQUITOEIS 
c. Biological 

1. Introduction of natural 

enemies 

Predatory crepuscular birds^ 
etc. 

Parasites 

2. Deviatiou by animals 

3. Minimizing available har- 

borage for winter hiber- 
nation 


Appendix t) 

IDENTIFICATION OF MOSQUITOES— USE OF KEYS 

Since success in tiie abatement of mosquitoes (species sanitation) rests so 
largely on an accurate diagnosis of the offending species, the use of entomologi- 
cal keys becomes necessary. Tlie terminology used in classification cannot be 
understood vrithont some knowledge of the external structural details of adult 
mosquitoes and of their immature stages ; hence there is included in this ap- 
pendix a series of plates and figures illustrating the more important char ac- 
ter.s used in keys (Plates I-VII), and four diagram types of key, two circular, 
one pictorial, and one columnar (Plates VI II-XI). The material here pre- 
sented provides a minimum of working knowledge in a highly technical field, 
designed for elementary instruction of persons not trained in entomological 
techniques* The worker in the field of mosquito abatement will need to consult 
technical systematic entomologists experienced in culicidology for expert ad- 
vice from time to time. 

There are many two-winged insects {Diptera) which resemble mosquitoes 
more or less closely, yet do not bite; chief among these are midges or gnats 
belonging to the Family Chironomidae, While these midges superficially are 
easily confused with mosquitoes, they can be easily separated in that the mouth- 
parts are rather blunt (non-piercing), the antennae (feelers) are highly plu- 
mose (bushy), and the wings are devoid of scales (see p, 96). Midges often 
occur in great swarms toward evening or by day in cloudy weather. The larvae 
of these midges are gill breathers and are genevally blood red in color (com- 
monly known as blood-worms) and remain in the bottom muck or debri.s in 
stagnant pools, ponds, reservoirs, lakes, and the like, until they are ready to 
emerge as adults from pupae at the surface. 

Other ihosquito-like insects are the Viva midges (Family Vividae) in which 
the adults have sparsely hairy antennae, wings practically bare, and the pro- 
boscis, while projecting somewhat, rather blunt and non-piercing. Diva midges 
are non-bloodaiickiug. The larvae of the Di/ru midges are aquatic and resemble 
mosquito larvae, especially anophelines; however, they have a particularly 
noticeable hori^ioiilaV U-shaped position. 

Ghats belonging to the TamiVy Chaohoridae often occur in unbelievably 
greaFswarras along the borders of lakes. They are rather delicate, hairy, non- 
biting insects j the hairs on the antennae are in whorls. The larvae are known 
as “phantoms? because of their translucence, and swim freely rather deep in 
the water j they are gill breathers/^^ ^ ^ 

IStrang^y enough the membera of the Family Tipulidoe (crane-fties or 
daddy-longlegs) are frequently mistaken for mosquitoes.' Crane-flies are long- 
legged insects, usually much larger than mosquitoes^ and possess non-biting 
blunt' mouth-parts and wings without scales. The larvae are called “leather 




I HEAD OF ANOPHEUINE FEMALE 2. HEAD OF NON-ANOPHEUNE FEMAUE 



jacKcrs ' and usually occur in moist soil or under semi-aqnatic conditions ; some 
species exist among grass roots under dry range conditions, 

//ote» to recognise a mosquito. It Is in order, therefore, in view of the fore- 
going information, to ask “What is a mosquito?" The entomologist describes 
mpsqiiitoes as slendej', delicate files (insects with one pair of wings, belonging 
to the Order X)i-plera) mt\\ slender legs and usually with scales upon the body 
and appendages; head small, sub-spherical with slender neck; eyes conspicu- 
ous and kidney shaped; antennae (feelers) long, slender, and composed of 
fourteen or fifteen segments, with whorls of hairs winch in the males present a 
plumose condition; proboscis longandconspienousinboth sexes; thorax arched 
hut not projecting over the head; scutellum (Plate I, S) short and evenly 
rounded or trilobecl ; legs long and slender ; wings long and narrow, at rest ly- 
ing flat oyer the abdomen, venation shown in Plate II, 2, the veins and wing 
margin clothed with scales; halteres conspicuous; abdomen long and narrow, 
composed of nine or ten segments, The Pamily CuUoidae^ which comprises the 
mosquitoes, receives its name from the Latin culex which means gnat. 

Mosquito l«mte (wrigglers) are invariably aquatic, generally active and 
free swimming; they are elongated (worm-like), with head free (a complete 
head capsule), a slender neck and a greatly enlax-ged fused thorax; the abdo- 
men is slender and ten-segmented (segments VI 11 and IX fused) with a pair 
of functional sjjiraclcs (air openings) situated dorsally on the ninth abdominal 
segment; spiracles open through a tube (siphon) or other modified apparatus 
(os in anophelines) for obtaining air through the water surface, or for punc- 
turing submerged aquatic plants as a source of oxygen ns in Mdiuonia. The 
head of the mosquito larva bears a pair of short, one-segmented antennae, a 
pair of conspicuous eyes, and variously arranged hair tufts and hairs which are 
of diagiiostic value (see Plates V, VI, and VII). The thorax likewise possesses 
hair tufts and hairs which are useful in classificatioUv The hair tufts and pal- 
mate hairs (anophclines) bn tlie abdomen also sexwe diagnostic purposes as do 
th e special structures on tlie air tube, the anal segment, and segments VIII and 
IX* It is important to know that the larvae shed their sidns four times and that 
with the fourth molt the pupa appears, hence the larvae have four instars or 
stages, the first two being smbll and immature ; full ^owth is reached in the 
fourth-instar/'. 

The pupul stage achieved with the fourth molt marks the completion of 
feeding and growth. The pupa does not feed. It is the stage in which trans- 
formation into the adult insect lakes place inside of the pupa ease. In this 
stage there is a yery large cephalotliorax (fused head and thorax) which bears 
a pair of res piratbry trumpets (Figure J , opposite page 4) and a tail-like abdo- 
men terminating in a pair of anal paddlea. Movement in the water is hy a tuhi- 
blingmotion, hencC the term ‘‘tximbler," Betailed classifibation of species based 
ouipupal characteristics is riot considered practical; however, the general 
charactefistics of the respiratory trumpets afford a basis for roiigh classifica- 
don b,s shown in Figure 1; tlie trumpets of the anophelini are short and open 









1. I’hotogvajih of the wing of Anojihcles infU^HlijiCims frechorni, 
showing scales on margin unci on veins 


HUMERAL CR05S VEIN l^'^VEIN PETI.OLE 0F,)JT sUBMARGINAL CELL 

' costal VEIN ^X^UARWem / 4THVE1N a„ovE,N ''' 






3. Diagram showing the, veiirs uihI the cells of a mosquito wing, with their clesigaations 
The auxiliary vein is also closignntcd us tlie subcostal vein 


Plate n. The mosquito wing and -wing venation 
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Plate III. Various an'nngeiueuts of abdominal markings of a 
mosquito, nseful in identification 
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broadly, while in the culicini they are relatively long and slender. The adnlt 
mosquito which emerges from the pupal stage is full grown. 

Egri/iy of mosquitoes show differences in pattern, ornamentation, and color, 
but do not lend themselves to systematic keys, perliaps particularly because of 
their minute sisie, In general it may be said that members of the culicini de- 
posit their eggs in boat-shaped rafts (Figure l), while the members of the 
aedini and anophelini deposit theirs singly (Figure l). Color patterns on the 
eggs of certain species of Anopheles (^Anopheles maculipennis') afford a basis 
for the .separation of sub-species which are otherwise indistinguishable. ' 

USE OF KEYS 

While it is not within the province of this hook to provide coniplete keys for 
the identification of mosquito species, non- entomologist workers in the field of 
mosquito abatement should have a working knowledge of the procedures used 
by entomologists. A variety of schemes ore used in the literature, only a few of 
which are liere presented. However, experience in the use of these keys will 
enable the worker to identify die more important species in a given geographi- 
cal area covered by such publications us Identifieatioh Guide to the Mosquitoes 
of the Pacific Coast by tlie United States Public Health Service, Malaria Con- 
trol ill War Areas, Atlanta, Georgia, May, IS'lli, und The Mosquitaes of the 
Southeastern States ^ Revised Jiuie, 1942, United States Department of Agri- 
culture Publication No. 33 C, Washington, D. C. Other similar publications re- 
lating to various geographical areas are listed in APPEiNDiX E. ■ 

Examination of the external characters of adult mosquitoes requires the use 
of a binocular, dissecting microscope, provided with ob j ectives and ocular s giv- 
ing raagnificatioiis up to about 8 6X. For the examination of male termin alia tlie 
oil-immersion ob j ective will be needed. F or provision al identi fleation in the 
field, a hand lens giving a magnification of lOX to 15X is useful. 

Having made certain that the specimen you are dealing \yith is a mosquito, 
you are then concm’ned with the probleui of identifying it! aS to genus and spe-' 
cies. For this purpose you will use a hey to the identification of mosquitoes. 
Keys differ considerably In arrangement but, as already stated above, all re- 
quire familiarity with the external structure df these insects. 

A classification key is based on the procedure of selecting, some definite 
anatomical character and, by noting marked differences Ihereini, separating, 
the specimen into one of two gi'oupsj then a second character is selected, 
and the sub-grbiip further subdivided ^ this process cqntinues until the identifi- 
cation of a species is arrived at. 

For example, the palpi (Plate I, T. and 2 ) in adult female mosquitoes may 
be cither much shorter than, the proboscis, or about as long as the; proboacis. If 
the palpi are long, the mosquito is ah ahopheline ; if they are short, then it may 
be either Culex; A edesi dr some other genus. To break this rethainder down 
into the genera, another character may beused, such as the abdomen tip (Plate 
III, 3 and 7). If^the abdomen tip is blunt, it may be either Culexi Cnliseta^ 




: AL, opiCfiMobe (dot present in ; ALC, apjeal lobe of 

llij cljispettCi Ap0, appendage of dististylej Bs, boslstyle (side 

‘lii' piece) j basal lobe j BLC, basal lobe of eiaspette; BP, bnsnl 

; plfltcj CL, claspette (harpogo) } CA, daspette appendage 5 Ds, 

11 ■ dististyle (clasper){ La, lacuna i LT9, lobe of ninth tergIte; P, 

paramere} Ph, pUallosome (aedoagus, penis) j PP, paraprpet; 

; Pr> pvoctiger: (anal lobe) i SBL, spine of basal lobe; VPP, 

i 1j> ■; , . Ventral arm of parapvocL ;( After HermSj iifadicft I Bnfonwlopy, 

|i ■ - / ^ 8d ed.. New York, MacraiUan, 19^9, p. 160,) 

lij: . Plate IV. The male terminalia of an vl c/iei mosiqiiito 

If; : or if it is pointed, it may be either or Psorophora- Other 

|!i y , cKaraeters are then selected to make diatinctions between these genera. Finally, 

fjt .... yayions characters are selected to piake determinations as to species within 

I each genus. In many cases it may be hecessary to nse the chiaraeteristicS of the 

i V male genitalia for the final and determinative identiification. 

li i , MaU termin<dia. The most critical differences appropriate for the identifi- 

I . . . cation of adult mosquitoes are to be found in the male terminalia. The speci' 

I; : ; ~ . men one has Identified by the use of a key can be positively clicckedby a critical 

terminalia of the male. It is of importance to know that the tei*-’ 
.. minttl portion of the ^ the adxilt male begins to rotate on its axis 

a few hours after emergence from the pupa and a rotation of 180 degrees 
|y ; completed in from twelve to twenty-four hours, This portion of the abdomen 

fiy. . ..: : remains upside down for the.rest of the mosquito’s life, 

f; ; • To prepare the male terminalia (flee Plate IV) for study, .the Up of the 
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per cent alcohol. After wetting in the alcohol the specimen is transferred to 10 
to 20 per cent KOH for five to twenty minutes and then to a slide where the ex- 
cess KOH is removed by hlotting from the edge of the liquid ; next a drop of 
glacial acetic acid is added and the excess reuiovcd by blotting ; finally a small 
drop of chloral-gum is put upon the specimen and covered with a cover slip. 
After drying in an oven the cover slip may be sealed with clarite or brunswick 
black. 

The male terminaiia of Anopheles mosquitoes frequently present difficulties 
which may require special manipulation; however, when prepared as here de- 
scribed the specimen is then ready for examination with a compound micro- 
scope. Plate IV shows the various elements diagrammatically. 

There are no satisfactory keys based on the structures of the male terminalia. 
Hence one will make a tentative identidcation in the usual manner, that is, by 
using keys as already described, and will then endeavor to confirm the identifi- 
cation by consulting publications .such as Boss and Roberts, Mosquito Atlas, 
Parts I and II (see appenojx e), in which male terminalia of the various spe- 
cies are fully illustrated. 

As an aid to identification there should be available to the technical workers 
a collection of specimens from the locality where the project is being carried 
on, which have been identified and labeled by a competent culicidologisfc. 

Ke^ to the Genera of Adult Female Mosquitoes 

Adapted from Identifietttion Quide to the Mosquitoes of the Pacific Coast, United 
States Public Health Service, Malaria Control In War Areas, Atlanta, Georgia, May, 

^ - 

Palpi of females more than one-half lehgth of proboscis (Plate I, 1) 
Anopheles 

Abdomen of females blunt (Plate III/ S) ; palpi short (Plate 2) 

CuUseta ■■ 

Crossweins nearly in a line (Hate I, 8) ; splracular bristles (plate 1, 3) 
Orihopodorapia 

Fourth tarsal segment of foreleg as wide as long ; inesonotum with delicate sil- 
very pattern} no splracular bristles j rare, O.sfyMiyiim(Coq) 

Ciilex 

CroBSrvelns separated by own length ; ho spiracular bristles } normal, narrow wing 
scales (Plate I, 6) 

Mamonia ■ 

Broad, bi-colored wing scales (Plate I, 1)i very fuzisy} no spiracular bristles, 
ilf. parinrbaiw (Walker) 

Abdomen pointed (Plate III> 7); palpi short (Plate I, 2) 

Aedes ' . 

No spiracular bristles; common 
Psorophora 

Spiracular bristles (Plate I, 8)} rare; S.E. California. P, conptnis 
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Plate VI, Diagram of a culicine laiM 
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Key to the Larvae {Genera) 

Without a tubular air tube (Plate V) 

Anopheles 

With a tubular air tube (Plate VI) 

Air tube without pecten (Plate VII, 6 and 6) 

Ortkopodomyia 
Tree-hole breeder (Plate VII, 6) 

Mansonia 

Root breeder with saw-llke i^rojeetion of air tube (Plate VII, C) 

Single pair of multiple hair tufts on the air tube 
Cnliseta 

Hair tuft situated witiiin basal third of regular poi'tion of pecten (Plate VII, 
4) ; all except morsffans with distal pecten teeth pr’oduced into long setae 

Aedea 

Hair tuft beyond regular portion of pecten, soinetimes within pecten { eighth 
segment comb scales inserted individually (Plate VII, 2) 

Psorophora 

Alt tube swollen; eighth segment comb scales arising from plate (Plate VII, 1) 

Usually more than one pair of hair tufts on air tube ; if a single pair only, it is 
distal and with other tufts represented by hairs j if none, the tufts are repre- 
sented by single hairs (fAmwhMJ, 

Culex 

Illustratmg Couplet Scheme for Identification of Adult Mosquitoes 
of the Genus Cxdt's. of the Southeastern States 

The use of the couplet scheme for the identification of female adult mos- 
quitoes is illustrated in the following excerpt adapted from King ef ah* A mos- 
quito belonging to the genus Citfea; will be used for this purpose, the genus be- 
ing recognized by the following characters : the palpi much shorter than the 
proboscis, which is straight or only slightly curved, not tapered { the second 
marginal cell (Plate II, 2) of the wing as long or longer than its petiole 
(Plate il, 2)rscutenuin (Plate I, 3) txilobedi post-spiracular (Plate I, 3) 
bristles present} tip of abdomen blunt (Plate III, 1, 2, and 3) ; the tarsi 
(Plate I, 4) not ringed with white, and mesonotum (Plate I, 8) without dis- 
tinct markings (except sriiall white dots in rniwanj?) j the antennae nor- 
mal, not longer than the proboscis, first flagellar segment of about the same 
length as succeeding ones. ; 

* King, W. V*, Bradley, G. H.j and McNcel, T. E. The Mosquitoes of the South 
eastorti States, Washington, D. G;t United States Department of Agriculture, Mis- 
cellaneous Publication No. 836, Revised June, 1942. 




18. Dorsal abdominal white bands or lateral spots basal when present ............ 19 

Abdomen with narrow dorsal bands and (or) lateral spots of white scales on apical 

(posterior) margin of segments (Plate III, 1) O'uUss apicalis 

19. Abdomen dorsally banded with conspicuous segmental bands of white scales j, 

seventh segment Avithout pale scale.s iiosterlorly} occiput with narrow, curved 

Scales (Plate I, 0) ; outstanding wing scales narrow 20 

Abdomen unhanded dorsally or with narroAV segmental bands} fairly broad bands 
of yellowish scales sometimes present In C. mlinarim 22 

20. Abdominal bands with a rounded posterior border (usually most typical on seg- 

ments in to V) and the bands interrupted or mucli narrowed at lateral margins 
(Plate III, 2) 

Mesonotum without dots} mcsonotal vestiture of narrow, curved, or lanceolate 
scales (Plate I, 6), pole-browu or grayish and having a course appearance} sec- 
ond marginal cell (Plate II, 2) usually two-and-a-half to three times the length 

of its petiole, The southern house mosquito Cnlex quinqiiefasciatus 

Abdominal bands continuous to lateral margins (Plate III, 8), tlieir posterior bor- 
ders somCAvhat irregular but not evenly rounded; second marginal cell (Plate 
II, 2) long, msiially four or five tlme.s a.s long as its petiole 21 

21. Mesonotuni (Plate I, 3) u.sually with a pair, sometimes two jjairs, of small white 

dots near the middle and iWth grayish scales around the margins} meaonotul 
vestiture otherwise broAvnisli and Avith a smooth appearance, mo.stIy of fine hair- 

like scales The Avhite dotted Culex 

Oulex rostuans 

Mesonotum (Plate I, 8) AVlthout Avhite dots; mesonotal .scales coarser and grayish 
in color similar to G, qiiiiiquefadciatnsi. The northern house mosquito, found in 
northern Tennessee and hTorth Carolina Cnhx pipiens 

22. AVlngs with all outstanding .scales long and slender (Plate I, 6)} occiput (top part 

of head back of eyes) Avithout flat scales,* mesonotum (Plate I, 8) with very fine, 
dark-broAvn hair-like scales, Medium sized species .......... — \ 23 

Outstanding scales of Aving, at least on branches of vein 2 (Plate II, 2) slightly or 
distinctly broadened} occiput with some broad flat scales (except \n Culia eta 

«iaia7mra) 24. 

28. Abdomen usually with a few yellowish or diiAgy white scales at base of some seg- 
ments, or Avlth narrow transverse bands} tips of segments sometimes sUghtty 
: palc-Ecaled and seventh segment frequently entirely pale-scaled} three or four 
groups of Avhitc scales on side of thorax. Abundant in some .sections of the South 
and East > ...... , .... ... .... ............................... Oulex sah'nai'fus 

Abdomen dark-scaled above except for lateral white spots on some segments ; scal- 
ing on pleurae (the sides of the insect) somewhat variable but frequently en^ 
tirely lacking or, If present, limited as a riile to less than half a dozen scales in 
any of the groups. Abundant in Ploridn, rare elscAvliei*e . . . . Cxilex nigripalpm 

24. Occiput with broad, dusky or pale, oppressed scales in front, sometimes limited to 

a narrow border along the eyes, but extending to or nearly to vertex} abdominal 
segments Avlth or Avithout narrow Avhite bands, Small Oiilex, sub-genua iJi'afano- 

conion .... . . . . ........... . . . ... . ...... 25 

Occiput Avithout flat scales. Proboscis unusually long (longer than abdomen) } wing 
scales dense and distinctly broadened} splrnculnr bristles (Plate I, 8) and ven- 
tral setae at base of subcostal vein (Plate II, 2) present as in Culiaeta iiiornatci 
(lacking in all Calais) . A comparatively rare species, gveatly f esenibling typical 
. CWaiB . . , ... , . . i , . ...... i . . . . , . Ouliseta melamira 

25. Occiput mostly cbvere A Avith broad appressed scales (Plate I, 7), tlie narrow scales 

(Plate I, 8) limited to a median line or a small triangular patch. (Tip of male 
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abdomen much enlarged In Cute^o pecoator) Culex pUosm 

Occiput with a large median triangular area of narrow scales (Plate I, 8)^cxtQnl 
ing neavljr to the vertex, the broad appressed scales (Plate I, 7) often reduced to 
tt narrow ne )or( ering the eyes, (Mesonotal scaling often bronzy or golden) 

CvJex crratkm 
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Proceed Outward from the center, following 
the ftltevnatlve choices arranged, in tlie con- 
centric circles. By proceeding inward from 
the circumference the distinctive characters 
of any species may be determined. 


Plate VIII. Key to the mosquito larvae of the southern United Slates, 
by G, H, Bradley, S. B. Freeborn, and E, J. Gerberg 
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Proceetl outward from the center, following 
the. alternative choices arranged in the con- 
centric circles. By proceeding Inward from 
the circumference the distinctive characters 
of any species nmy be determined. 


Courtesy V. S. Public Health Service 


Plate IX. Kciy to the mosquito larvae of tire Pacilie Coast 
(cimilar diagram type) 










Plate X. Key to the Nearctic anopheline larvae of America 
(pictorial diagram type) 



































AppendixE 

SELECTED LIST OE BOOKS AND ARTICLES ON 
MOSQUITO SPECIES AND BIOLOGY 

Tlie following list of publications on mosquitoes includes valuable in- 
formation for all workers concerned with mosquito abatement. 

UENBIIAL 

Blancliardj R. Les moiistiques : histoire naturelle et m^dicale. Paris : F. R. 

de Rudeval, 1906. i-xiii -1- 978 p.j 316 figs. 

Christophers, S. R. Provisional list and reference catalogue of the Anophe- 
lini, Indian Medical Research Memoir (Calcutta), No. 3, December, 1924. 
106 p* 

Edwards, F. W. Diptera, family Culicidae. Genera insectorum. (P. Wyts- 
man.) Brussels*. X. Desmet-Verteneuil, I94me fascicule, 1932. 256 p., 
plates I-V. 

Laboratory guide to medical entomology, with notes on malaria control. 
Betliesda, Maryland: Naval Medical School, Department of Tropical Medi- 
cine and Parasitology, National Naval Medical Center, 1943. 198 p. 
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A nopheles claviger, 8 68 
Anopheles crucians, 103, 84g; 861 


Anopheles cuiici/acies, 121, 192, 368, 
354, 864 

Anopheles darlingi, 329, 861, 362 
Aiioplieles dHhali, BQ8 
Anopheles elnius. See Anopheles 
sacharoni 

Aiiophe.les flivaiatills, 192, 364 
Anopheles piUginosus, 368, 866 
Anopheles funestus, 290, 368, 360 
Anopheles ga^nhiae, 1, 62, 261, 290, 
291, 294, 206, 346, 368, 364, 860 
Anopheles hancocici, 86B 
Anopheles havgrea'oesi, 868 
Anopheles hectosis, 361 
A^iopheles hyreanns iiigerrinius^ 864, 
866 

Anopheles hyreanns sinensis, 147, 
364, 869 

Anopheles jeypoHensis candidiensis, 
364 

Anopheles ^eyportensis jeyporiensis, 
864 

Anopheles hochi, 364, 366 
Anopheles lahra^ichiae atroparvus, 
348, 864, 362, 364 

Anopheles tabranehiae Inhranclime, 
168, 334, 362, 808 

A nophelcs leucosphyrus leucosphyrus, 
364, 866 

Anopheles listoni, 8Q4i 
Anopheles ludloxoi, 843 
Anopheles •mocuinfus, 147, 192, 842, 
863,864, 365,869 

Anopheles niacuUpen^iis, 6, 105, 122, 
123, 272, 278, 298, 344, 346, 377 
A nopheles maculipennis asteens, 361 
A n opheles maouUpennis freebornl, 
101,104,146, 147,344, 845, 861 
A nopheles ^naenUpennis inaouUpen^ 
nis, 862 

Anopheles inaenlipennis oocidenialis, 
hH 

Anopheles mangy antis, 866 
Anopheles inarshalUi gibhinsi, 868 
Anopheles melanooti melaiioon, 843, 

: ■ ■■ 862 

Anopheles messeae, 854, 362 
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Anopheles minimus, 14.7, 192, 34'3, 
353, 864, 369 

Anopheles minimus flaxnrostris, 147, 
266, 343, 366 

Anopheles mQv,ckeii moicoheii, 863 
Anopheles moucheU nigeriensis, 868 
Anopheles multicolor, 868 
Anopheles nili, 363 
Anopheles palUdus, 864 
Anopheles pationi, 

Anopheles pharoensis, 863 
Anopheles philippinensis, 864, 366 
Anopheles pretoriensis, 

Anopheles pseudopunctipennis, 146, 
344 

Anopheles pseudopunciipenms fran- 
ciscmiuSfZGl 

Anopheles pseudopnnctipennis pseu- 
dopunctipennts, 361, 362 
Anopheles pulchernvms, 364 
Anopheles punctimacula, 361 
Anopheles pxmcUpennis, 880, 844, 
361 

Anopheles punctnlatns molnccensis, 
866 

Anopheles purictulatus ptmcUdatiis, 
366 

Anopheles quadrimacidatus, 108, 106, 
106, 140, 192, 208, 237, 262, 272, 
278, 289, 387, 346, 846, 362, 361 
Anopheles mmsayi, 864 
Anopheles rossi, 366, 866, 369 
Anopheles sacharovi, 168, 863, 364, 
862, 864 

Anopheles serpenU, 363, 364 
Anopheles splendidiis, 565 
Anopheles siephensi sieph€nsi, 865 
Anopheles suhpiaius, 369 
Anopheles sxihpictus indefinitus, 366 
Axiopheles suhpictus suhpictns, 365, 
866 

Anopheles Snndaicus, 16B, 364, 865, 
866 

Anopheles superpictus, 192, 298, 827, 
862, 866 

Anopheles ieSseltatus, 565 
Anopheles turkhudi, 866 
Anopheles unihrosus, 842, 865, 366 


Anopheles vagus 866 

Anopheles vagus vagus, 565 
Anopheles varuna, 865 
Axiophelesvestipennis, 362 
Anophilini, 5 

Auophilism without malaria, 123, 341 
Antliropophilous mosquitoes, 103, 381 
Anti-oxidant, 283 
Aphanius dispar, 211 
Aplochcilus Uneatus, 210 
AjylocheUus pmicliax, 270 
Appropriations: 

California districts, 31 
New Jers €7 districts, 80 
Aquatic animals, 127 
Areskei, 230 
Armigeres ohiurans, 368 
Array i*egiiIations, 296 
Arnold, G. K-, 268 
Aromatics as oil components, 208, 209 
Arsenic, 236 
dei'inatitis, 261 
poisoning, 261 
white, 242 

Artificial containers, 371 
Asphalt base oil, 208 
Asphalt, ditch lining, 164 
Asphalt, emulaified, 286 
Assessed valuations, 55 
Assessor, county, 62 
Associations, ecological, 97 
Atebrine, 8, 296, 801 
Atsatt, R. F., 210, 243 
Attract-ants, 103 
Audits, 66 
Angers, 161 

Automatic tide gates, 177 


hack, R.C., 106, 118 
Bait, living, 103 
Bakersfield, California, 8, 267 
Bamboo; 
drains, 157 
stakes, 826 
Bancroft’s filaria, 

Barber, M. A., 236, 289, 246, 843, 868 


( 
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Barracks, mosquito control in, 297- 
298 

Barraud, P. J., 393 

Barrel culvert, 101 

Barrel press urCj 807 

Barrel traps, 103 

Barrels, 1 1 1, 250, 3 1 3, 3 1 1, 325 

Barrier reefs, IGl 

Basak, 353 

Basements, breeding in, 312, 313 
Bats, 292 
Bayous, 181 
Bays, 161 

Bed nets, 287, 293, 301 
Bent, F. A., 2 1 6, 2 1 8, 244- 
Bentonite, 1 47, 273, 335 
Benzene derivatives, 208 
Bergen County, New Jersey, 223 
Berkeley, California, 189 
Berra, 175 
Bids, 68, 262 

Biological method of control, 878 
Biological sciences, 57 
Biological Survey, U. S, Bui’eau of 
127 

Biologists, 126 
Biology of mosquitoes, 97 
BtVoriella genus, 6 
Bishop, E. L., 286, 802 
Bishopp, F. C., 26, 242, 246 
Black grass, 167 
Black leaf ^0, 242 
BlaivR.^258, 269 
Blancliayd, E., 390 
Blasting, 188, 149 
Blood smears, 121, 800 
Blood-worms, 374 
Blowers, 251, 252, 368 
Bollen/W.B:,;i87 
Bombed areas, 818 
Bonne, C,, 392 
Bonne-Wepster, J., 392, 395 
Boots, rubber, 108, 172 
Borax, 242, 250, 814, 826 
Bordeaux nozzle, 250 
Boreal 188 
Borrow pits, 175, 271 
Botsford, R, Co 53 


Bottom lands, reclamation of, 182 
Boxes, as traps, 103 
Boyce, R., ^64 
Boyd, M. E., 8, n 
Brackish water t 
and Gamhnsla) 277 
and mosquito breeding, 364 
Bradley, G. H,, 106, 110, 117, 118, 
235, 245, 253, 269, 388, 390, 891 
Brazil, l, 8, 52, 346, 348, 349 
Breeding habits, 343 
and abatement, 122-126 
Breeding places, 65, 107 
finding, 97 
types, 361 
See also Rural areas, special prob- 
lems in ; Urban areas, special 
problems in 

Breeding ponds for fish, 278 
Breeding seasons, 123, 806 
Brick, for ditch lining, 164 
Bridges, 103 

Bristles, post-spiracular, 5, 883 
Bromellnds, 109, 829 
Brookman, B., 10, 391 
Brownsville, Texas, 293 
Brug, S. L., 895 
Brush drains, 157 
Bryce, D, A., 245 
Buckets, breeding in, 818-314 
Budgets, 32, 63, 64 
Buket Gantang, 348 
Bulkheads, 181 
Burgess, R. W., 1 05, 117 
Burlingame, California, 8 
Byron Hot Springs, California, 28, 
■ . -,,229,277:' v ^ 


Cactus, chopped, 864 
Calcium arseuite, 242 
Calcium cyanamide, 242 
Calcium hypochlorite, 821 
Calcium stearate, 240 
Galifornia, 26; 848-846 
appropriations for control, 81 
law, 29, 32, 88, 85, 86 
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California Mosquito Control Associa- 
tion, 4)8 

Calistoga, California, sewage ponds, 
277 

Cambournac, F. J. C., 169 
Campsite selection, 800 
Cannery wastes, breeding in, 823 
Cans, tin, breeding in. See Tin cans 
Cape Hatteras, Virginia, 98 
Capital outlay, 87 

Capturing mosquitoes for identifica- 
tion; 

adults, 101—107 
larvae, 107-110 
Carassius auratus, 276 
Carbolic acid, 287 
Carbon dioxide attractant, 105 
Carbon tetrachloride, 228, 291 
Carex species (sedges), 167 
Carey Island, Malaya, 16 
Carpenter, S. J., 891 
Carroll, J., 2 

Carter, H. R., 3, 13, 24, 60, 187, 887, 
340,332,868 
Catch basins, 807 
Cattle, effect of oil on, 267 
Causey, O, R., 891, 896 
Cellars, breeding in, 108, 319 
Ceni,A.,2 
Cellosolve, 240 

Cemetery urns, breeding in, 829 
Central mixing depot, 262 
Cephalothorax, 376 ; 

Cesspools, breeding in,H4, 321, 322 
geniis, 5 

Chalaco, 270 ' 

ChMara, B. S., 236, 246, 261 
Gbambers of Commerce, 61 
Chand, D., 293, 294, 803 
Chang, T. L., 147, 159, 396 
Channelizing streamsy 826, 871 
Chaoboridaey 374 
Chaoborisasficiopus,10S 
Chaoboris lacustrusf 106 
Charcoal, diluent dust, 284, 288 
CJiartj ^ nopheles vectors, 366 ^ 

Chemical control, 872 
Chenderob reservoir, 846 ; , ^ 


Chimneys, screening, 284 
Ckir07iomidae, B74> 

Chloride o£ lime, 321 
Chlorine, larval tolerance of, 331 
Chloroform, 102,103 
Ghloropicrin, 242 
Chow, C. V., 396 
Christophers, R., 866, 890, 896 
Christy, C., 26 

Chiysantheinwn cineraraefoliuvij 228 
Cisterns, breeding in., 325 
Cities as abatement agencies, 46 
Citronella, 287 

Civil Works Administration, 49, 126 
Clark, D,, 340 

Clark, J. A., 263, 264, 266, 269 
Clarke, J.L., lOO, 116, 127,232, 244, 
266, 267, 269, 278, 279, 310 
Cleaning solvent, 228 
Clearing as control measure, 1 48, 363, 
372 

Clearing, tools for, 148 
Ciinaate, 121, 180 
Clothing, protective, 249, 301, 871 
Cochrane, E., 208, 204 
Coggeshall, £. T., 296, 308 
Collection of specimens, 102, 107- 
■ 110 ■ 

Color preferences of mosquitoes, 104 
Complaints, 69, 89, 90, 97, 112 
Compressor, air, for spraying, 291 
Concrete mix, 164 
Connecticut law, 46 
Connor, M/ B., 270, 279 < 

Conservation of wild life and mos- 
quito abatement, 126, 127 
Containers, breeding in, 348 
Contests as means of public educa- 
tion, 88 
Contracts*, 
annual purchase, 68 
for aeroplanes, 261, 264 \ 

for cquipmentand labor, 126, 126 
Control agency, 77-78 
Control measures : 
choice of, 119-120 
classification of, 870—372 
secondary, 7j 119, 206 



Control measures : 

selective, 122 
Control policies, 862 
Controlled veflooding, 7, 127, 183, 
336,365, 372 
Cook, S. S., 234,, 236, 245 
Copper aeeto-arsenite, 234 
Copper sulphate as algieide, 242, 268, 
819, 829, 378 
Corbett, G. H., 211, 244 
Corozal, Panama, 103 
Corps of Engineers, 297 
Corrosion, 173, 288 
Cost: 

accessory, 269 
average, 63 

economic loss caused by mosquitoes, 
17-24 

estimates of, 66 

hand labor vs. machinery, 126, 1 72- 
174 

of application by aeroplane, 268, 
259-266 

of applying oils and larvicides, 247, 
261-268 

of control work, 66, 68-66, 67 

of malaria, 12-17 

of oils and larvicides, 220-222, 

' 281-282 

of owned vs. rented equipment, 
264-266 
unit, 63 

unit, California, 64 
unit, Kew Jersey, 64 
Cotton mills, 20 

Counties as abatement agencies, 41 
County fairs, 86 

County health departments^ 48, 322 

Couplet scheme for identification, 888 

Cova-Garcia, P., 398 

Covell, 0., 107, J18, 289, 246, 269 

Crane'dies, 874 

Cranes, excavating, 78, 174 

Craters, bomb, 818 

Cresol, 219 :: 

Greaylie acid, 210, 227 
larvicide, 806, 818, 819> 821, 825, 
828, 872 


Crhtohal Colo7ij ship, 98 
Crops : 

effect of oils on, 143, 267 
loss of, due to mosquitoes, 17, 22 
Crosby, W, I),, 348 
Crossett, Arkansas, 3 
Crosthwait, S, L., 137 
Culex apioalhj 238, 384 
Cnlcx coronaiort 370 
Cidear erraticus, 886 
Ciileis fatigans. See Culex quinque- 
fasciatus 

CuUxV fuscanusj. 860 
Cidex genus, identification of, 379, 
383 

CidcxV nigripalpu^, 884 
Culex peocatoi', 386 
Culex inlosuSi Z^& 

Ctdex pipiens, 5, 36, 92, 98, 100, 104, 
116,122,124,226,229,236,276, 
804, 806, 81 2, 316, 316, 830, 361, 
884 

as vectors of lieartworm, 6 
breeding habits, 124, 306, 312, 316 
flight of males, 100 
subspecies, 861 

Culea pipiefis molestusj 6, 21, 28, 100, 
813, 316,819, 322, 361,870 
CulexV pipiens pallens^ 869, 370 
Culex pipiens pipiefis j 100, 310, 880, 
861 ■ - 

Culex quinquefasciaius, 6i Bi Qy 98, 
284, 801, 804, 316, 819, 822, 868, 

^ . 884 : 

Culex restumist 383, 384 
Culex salinarius, 384 
Cw/aa? species and light traps, 106 
C^dex iarsalh, 6, 1 24, 146, 240, 24 1 , 
267, 811, 322, 328, 324, 870 ■ 
CnlexV thalassiuSt SGS 
Culex tritaeniorhpnchns, 869 
Culex Vagans f 869 
Culex vorax, 869 
Culicidacj 4if 876 
Ctilicide, 289 
Ctilicini, 4, 6 
Culifuges, 287-289 
Culiseia genxiB, 9, 379, 888 ’ 
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Culiseta incidens, 192, 298, 380, 870, 
882 

Culiseta inornata^ 870, 884 
Culiseta maccJ’aslcenaej, 882 
Culiseta inelanura^ 384 
Culverts, 103, 186, 137, 177, 178, 190, 
194 

Curry, D. P., 116 
Cyclic hydrocarbons, 208 

Daddy-long-legs, 96, 874! 

Dairy .drains, breeding in, 123, 828 
Damage: 

caused by flushing, 193 
caused by mosquito abatement, 127 
Dams, design of, 887 
da Silva, O. J., 293, 303 
DDT, 239-241, 291, 829, 872 
Deaths from malaria, 1 6 
de Buck, A,, 358 
Del Porte, E., 393 
Delta lands, 130, 182 
De Meillon, B., 290, 802 
Demolitions, 819 

Demonstrations of control work, 50- 
Bendrol, 146 

Dengue, 6, 12, 120, 121, 848, 349, 860, 
856 

vectors of, 868 
Depots, 60, 77, 262 
Derivaux, R. R., 10 
Dermatitis from Paris green, 251 
Des Plaines Mosquito Abatement Dis- 
trict, 129 

Destruction of adult mosquitoes, 119, 
289-292 

Destruction of larvae, by flushing, 193 
Deterrents, 287-288, 371 
Deviation by animals, 292, 878 
Devices: 

for collecting adult mosquitoes, 102 
for flushing, 193 
for sampling soil for eggs, 110 
De Vilbiss spray pistol, 291 
de VillierSj 194 
Dburaiita, 858 
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Dichlorodifliiovometliane, 229, 291 
Dichloro-diphenyl-tricldoroethane, 
144, 289, 291, 294, 806, 8 1 9, 829 
Diesel oil, 208 
cost, 221 

for killing vegetation, 149 
spreading coefficient, 217-219 
Diluents for Paris green, 284-389 
ammonia, 288 
charcoal, 234 
dust, 284L., 237, 238 
hydrated lime, 284, 237, 238 
kerosene, 289 
loess, 238 
moist sand, 234 
powdered talc, 234, 287 
soapstone, 234 
tufa, 238 

Dimethyl phthalate, 287, 288 
Diptei'a, 874, 376 
Dirofllaria hnmitis, 5 
Disease prevention, 7, 120 
Disease-vector mosquitoes, 12, 107, 
120 

Disking, marsh, 166 
Dispersal flight, 101 
Disftc/ihs maritima, 167 
Distribution reservoirs, 317 
Districts, abatement: 

formation, 29, 30-87, 88, 40 
powers, 83, 35 

joint exercise of, 4'8 
regiilations, 89 
Ditches; 

breeding ill, 326-827 
construction of, 147—161 
with explosives, 149 
grade of, 130 
laying out, 161 
lining, 153— 166 
maintenance of, 162 
Diversion of water as control meas- 
ure, 871 
Dixidae, 874 
Doane, R. W., 264, 269 
Dorifiitalorlatifrons, 270 
Draglines, 1 2 6 , 148, 182 



Drainage: 

agricultural, 182 
constrnctioii of ditches, 1417-151 
construction of dykes, 1 7 83 

difference between mosquito abate- 
ment and agricultural, 
gates, 188, 174 
lateral, 170 
maintenance, 133 
of fresli'Water marshes, 180-147 
of salt-water marshes, 169-174 
outlets, 175 
Drains: 

side slopes of, 156 
storm, S 11 
velocities in, 165 
vertical, 143 
wooden, 157 
Dredges, 125, 126, 189 
Dre/i, 241 
Drip cans, 146, 266 
Drugs, use of, os control measure, 7, 
371 

Dry ice attractant, 106 

Drying aa a control measure, 271, 372 

Duck clubs, 186, 267, 881-886 

Dunham, G. G,, 296, 307, 808 

D Urania phmierU 353 

Durazzo, Albania, 854 

Dyar, H. G., 801, 393 

Dykes, 182, 174-183 

Dynamite, use of, 1 60, 151 

Dynes, 216^^^^^^^^^ ^ ^ 


Earle, W. C., 1 03, 26 1, 269, 282, 302 
Earth cover for sanitary dll, J 89 
Earth datbs) temporary, 194 
Easements, night, 889 v 
Eastern Association of Mosquito Con- 
trol Workers, 

Ecological association g, 0, 97 
Ecological balance, 171, 278 ' 
Ecology, 97, 126, 365^ ' ' 

Economic damage caused by mos*' 
qultoes, 12-24,55 
crop losses, 17, 22 
‘ deoths, 14, 17, 18 


Economic damage caused by moS' 
qnitoes {coni .') ; 
labor losses, 14, 20-21 
malaria, 12-17, 19 
medical care, 18, 19 
property losses, 21-22 
summer resorts and golf clubs, 22- 
24 . 

Education, public. <See Public educa- 
tion 

Edwards, P. W., 390, 394, 395, 897 
Effective vectors, 842 
Eggs, mosquito, 6, 6, 97, 110, 123 
183, 186, 877 

Electric charge on dust particle.?, 237 
Elephantiasis, 5, 869 
Elmendorf, J. E., Jr., 117 
Embankments, 126, 186 
Emergency details, troops, 297 
Emerick, A. M., 277, 278 
Emplacements, gun, 291 
Emulsiders, 280, 231, 233, 241 
Encephalitis, transmission by mos- 
quitoes, 6, 9, 44, 866, 870 
Engineer Corps, 296 
Engineering supervision, 182 
Engineers, 64, 66, 60, 62, SS7. See 
also Sanitary engineers 
Engle, B. F., 21 

Entomologists, 47, 64, 68, 60, 62, 98, 
106, in, 122, 299, 374, 876 
Entomology, 66, 67, 367 
Environmental control measures, 800 
Epidemic, spray-killing during, 291 
Epiphytes, 329 
Equipment; 
for ditching, 147-149 
for oiling marshes, 263-258 
rented vs, owned, 126-126, 254- 

^\..:256 .V:' r 

storage of, 77-78 
Eradication, species , 291, 346 
Sreiimpodites chr^iftogasterj 867 
Erosion, wave, 1 64 
Estuaries, 161 
Etcheverry, B, A,, 168 
Ethyl alcohoh 240 
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Ethylene glycol monophenyl ether, 
240 

Evans, A. M., 394 
Evaporation, 146, 186 
Evolutionary differentiation, 123 
Excavation: 
by brand, 172 
machinery, 182 
tools, 125 

Executive officer, 66, 67, 66 
Expansion joints, 166 
Explosion hazards, with oil, 267 
Explosives, ditching with, 149-161 
Extra-cantonment sanitation, SO 


Fair Oaks District, California, 44 
Fairer, C. D., 261, 269 
Falmouth, Antigua, 864 
Fans, as repellents, 871 
Farm tenant houses, 286 
Fats, 209 

Fatty acids, 209, 217 
Federal agencies, 49-60 
Fees, 66, 60 

FelUon, H. L., 219, 220, 244 
Feng, C.-L., 395, 896 
Filariasis, 2, 5, 9, 12, 121, 801, 866, 
368 

Fills, 7, 188, 189, 801, 371 
Films, oil, 209, 224 
Finances, 68, 66^ 67 
Financial supervision by state, 48 
Fire danger: " 

in aeroplanes, 294 
in peat marshes, 166 
in spraying, 291 
Fish and game cormnissiona, ' 127 
Fish, mosquito. See Gambusia aj^jiis 
Fish, predatory, use as control meas- 
ure, 127, 186, 188, 270, 273 
Flanary, P. N., 261, 269 
Flight range of mosquitoes, 98, 100, 
: 101,. 871;. : 

Floatage, lp8, 268, 887, 888, 871 
Flood flo ws on mar shes, 1 79 - 

Flooding: 

, . constant level, 7, 127j 186, 872 


Flooding Qco7it .) : 
duck clubs, 838 
intermittent, 144, 385 
shallow, 266 
Flood water, 168 
Fioodway, 136 

Floodway spraying equipment, 257 
Florida law, 38 

Flower containers, breeding in, 330 
Flues, vent, 284 

Flushing as control measure, 192—203, 
872 

Flushing sewers, 811 
Fly nuisance, 189 
Fly spray (pyrethrum), 298 
Food preferences of mosquitoes, 123 
Food supplies, factor in flights of mos- 
quitoes, 100 
Foreman, L., 820 
Forms, recording, 107 
Fort Stotsenburgj P. I., 343 
Fouling, 864 
Franca, M.j, 10 

Freeborn, S. B., 18, 26, 188, 146, 169, 
220, 248, 866, 391 
Freon, 229, 291,294 
Freshening water^ as control measure 
872 

Fuchs, A. W., 26 
Fullerton, H. R., 802 
Fumigants, 372 

species, 270 


Gallinippers, 6, 114 
Gamhiista a^nis, 2Q, 133, 186, 271- 
279, 317 

adaptation to salt water j 27 1 , 277 
and Anopheles larvae, 272 
and A, qiiadHmaculatus, 272,273 
in barrels, 314 
in cisterns and tanks, 828 
in garden pools, 276, 316 
in reclamation drains, 183 
in rice fields, 146, 146 
in sewage ponds, 277 
in sloughs and bayous, 181: 
in streams, 827 . 




Gambnsia affinis {cont.) t 
in vats, 315 

in watering' tronglis, 026 
Gambusia Iwlbrookh 271 
Oametocytes, 8, 3'1<2, S4i^ 

Garden pools, 276, 816 
G<?rdtW, 226, 280 
Gasoline, 78 

Gasteropems species, 270 
Gater, B. A. H., 395 
Geiger, J. C., 148,169 
Gesawl, 389, 240, 291, 829, 372 
Giglioli, G., 398 
Giles, G. M., 3 

Ginsburg, J, M,, 211, 219, 326, 230, 
243, 244, 246, 288, 302, 303, 820 
Ginsburg formula, 231 
Gjullin, C, M., 10 , 118 , 185, 187 
Glasgow, B. D., 263, 26D 
Glass vials for catching mosquitoes, 
102 

Ghssina palpalu, 294 
Gnats, 96, 114, 874 
GoldRsh, 276, 317 

Golf clubs, economic loss caused by 
mosquitoes, 22, 23 
Gordon, WrM., 244 
Gorgas, W. C., 290 
Goudey, F.i 268 
Granett, P,, 302 
Grant, H. G., 238, 245 
Grassi, B.,2 
Gyay, H. P., 10, 20, 26 
Gray, H. F., Jr., 216, 218, 244 
Green, H. W., 211, 243 
Griftin, E. B., 802 > 

Griffitts, J; 808 

Griffitts, T. Hv D., 284, 246, 293, 303, 

387 , 840 -;..^;: / ; 



Gutters^ roof, breeding in, 816 
Gutters, street, breeding in, 811 


Haas, T, p., lO 
Hacker, H. P,, 2ll, 248 
Hackett^ L. W., 8, 11^ 128, 1 29, 28 6, 
245, 261, 269, 841, 868, 867, 868, 
.859,871,894 . 
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liuemogogns capncornii, 103, 801, 
867 

Mdemogogus species, 5 
Hair of mosquitoes, 4, 876 
Haiti, 108 
Haltere, 4, 876 
Hamliii-Harris, R., 160 
Hamraon, W. McD., 10, 11, 105, 117 
Hand application of oils and larvi- 
cides, 248-261 
Hand level, 161, 170 
Hardenbnrg, W. E., 159, 244 
Harkins, W, D., 244 
Hart, J. J., Jjv, 106, 117 
Havana, Cuba, 2 
Hawaii, 8, 298 
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Resorts, 22 

Responsibility for control, 296 
Retirement allowances, 6 9 
Revenues and expenditures, 66-67 
Rhode Island law, 87 
Bice fields, 144-147, 300, 848: : 


Rice, J. B., 289, 246 
Richardson, C. H., 242, 246 
Riprap for dykes, 181 
Riverbottomlanfls, 130-131 
Roan Antelope Copper Mines, Africa, 
16 

Roberts, H. R., 892, 393, 894, 396, 
396 

Robertson, J. L., 159, 819 

Robertson, U. C., 147, 169 

Robinson, E. C», 232, 245 

Rockefeller Fom\dation, 8, 42, 62,046 

Bodenwaldt, E., 396 

Roof gutters, 816 

Roofs, double, 286 

Room heights, in tropics, 286 

Roofc,F. M., 398 

Ross, E. H., 3 

Ross, E. S,, 392, 393, 394,396, 896 
Ross, R., 2, 3, 58, 78, 120, 121, 129, 
203,211, 841,845, 362, 368 
Ross Institute of Tropical Hygiene, 
16, 62 

India Branch, 16, 26 
Rowe, J. A,, 392 
Rozeboom, X.. E., 390, 392 
Rubber hose, synthetic, 260 
Rude, E. T., 187 
Run-of^ 181, 178 

Rural areas, special problems in, 41- 
44,821-340 
cemetery urns, 829— 331 
cesspools and privies, 321-328 
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Sticklebacks, 270 j' 

Stone, A., 390 
Storage tanka for oil, 78 
Storm drains, 811 
Stove oils, 208, 214, 217 
Stover, N. M., 22, 186 
Streams, 826^^^^ ^^^^^^^^^^^ 

Street department, 45 


Street gutters, 311 

Street inlets, 807 

Street vaults, 124, 190, 306 

Subrahmanyam, K., 1 96, 203 

Sub-soil plowing, 1 6S 

Sub-species of mosquitoes, 122 

Subways, mosquito breeding in, 818 

Sucking tube, 102, 103 

Suction fan, 106 

Suez Canal, 3 

Suffocation of larvae, 211, 212 
Sulphated butyl-diphenyl-pheiiol, 230 
Sulphonated oils, 218, 283 
Sulphur, 872 

Summer resorts, economic loss caused 
by mosquitoes, 22 
Sumps, 158, 311, 812 
Sunlight and mosquito breeding, 368 
Superintendent, 81 
Supplementary measures, 280 
Suppressive treatment, 801 
Surfacetensions, 211, 216,217 
Surfaces, killing effect of DDT on, 
291 

Surveys, 64, 62, 111, 121^ 161, 296, 
290,339 

S/V oulicide oil, 226 
"Swamp angel," 266 
Swamps. 5(?e Marshes 
Sweet, W. C., 169, 390 
Swellengrebel, N. H., 342, 868, 388, 
396 

Swimming pools, 220 
Swiss insecticide, 239 
Sylket, Assam, 1 6 
Symes, C. B., 298, 803 


Tahaina, Hawaii, 8 
Takatsuki, A., 210, 243 
Talc, 284, 288, 240 
Tan j ore district, Madras, India, 121 
Tank trucks, 126, 266 
Tanks, 314 
elevated, 817 

Tax limitations, 28, 82, 34 
Taylo:^ F. W., 397 : . . 



Tayloi'/H. A.;, 10 
Tea estates, malaria control on, 1C 
Telephone, use of, 59, 89 
Temperature os affecting breeding, 
180, 219,844 
Template, 156 

Ten Broeck, C., 1 1 

Tennessee Department of Health, 802 
Tennessee Valley Anthoi’ity, 236, 2CI, 
889,352 
Teredo, W 
Thnnite, 288 

Theobald, F. V,, 890 . 

Theohaldia. See Cnliseta 
Thiodiphenylanijne, 241 
Thompson, E. C. M., 853, 859 
Three-square grass, 167 
Tide gates, 168, 177, 186 
Tides, 160, 163, 180 
Tile drainage, 157 
Tin cans, breeding in, 3 1 3, 3 1 4 
Tipping bucket, 194 
TipnUdae, 96, 374 
ToumanofI, C., 897 
Toxic gases, 872 
Tpxid methods of control, 372 
Toxicity, 209, 2ip> 214, 215, 224 
Toxicity tests, 218 
Tracheae, 230, 212 
Tractors, 78,182 
Transporting fish, 274 
Trapa iiatcins^ 264 
Traps, mosquito, lOS-lOG, 371 
Travel habits of mosquitoes, 100 
Travis^ E, V*, 1 1 0, 118 
Tree holes, 98, 108, 327'-829 
Tree surgery, 323, 371 
Trenching machines, 148 
Tropical conditions, 11 9, 179 
Trucks,126,266: 

Trustees, board of, 29, 65 
Trypaiiosorniasis, 294 
Tufa,:238; ': ' 

Tuggle, H. G*, 244 
Tullock, G, S., 392 
Turner, E. A,, 189 
^-^ethyl-B-hexanediuol, 287 


Underground drainage, 156 
Underground railways, 313 
United Fruit Company, 20, 52 
United States Bureau of Entomology 
and Plant Quarantine, 49 
United States Bureau of Fisheries, 
279 

United States Department of Agricul- 
ture/20 

United States Public Health Service. 

See Public Health Service 
Universities, state, 64 ' 

Uplands, 186 

Urban areas, special problems in : 
abandoned building.^, 313 
barrels, buckets, cans, 813-315 
bombed areas, 318-319 
breeding inside bouses, aiS-SlO 
building sumps and wet basements, 
312“318 

defective plumbing, 31 1-3 1 2 
garden pools, 316-817 
reservoirs and poi\ds, 317-318 
roof gutters, 315 
sewage treatment works, 818 
sewer inlets and catch basins, 30 7~ 
310 

stoi’in drains and street gutters, 310 
street vaults, 804'-807 
underground railways, subways, 
313 

Utah la^p, 36 

Vacation leaves, 59 

Vaccine for yellow fever, 847, 848, 

■/: .:350 ';: 

Valley floors, 184 
Valleys, mbuntain, 141 
Vanderwerker, E. J., 231, 244 
Van Dine, D. L,, 13, 397 
Van Hovenburg, H. \V., 25 
Vargas, L,, 892 
Vats, 314 

Vaults, street, 124, 190, 806 
Vector density, 120, 1 21 
V egetation, marsh, 166, 167 
Ventilation and sei‘eening, 280, 284 
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Venturi Vitbcj 260,261, 268 
Vestibules, embarkation, 295 
Viareggio, Italy, 854 
Viscosity, 209, 210 


Wage rates, 174, 258 
Walch, E. W., 869 
Walker, E. L., 848, 868 
War industry buildings, 812 
Warehouses, QQ, 77 
Warrants, 67 
Washburn, B. E., 869 
Washington, D. C., 264 
Water caltrop, 264 
Water chestnut, 264 
Water fowl, 127 

Water level regulation, 337, 838, 372 
Water level variation, 802 
Water storage tanks, 819 
Water stream, oil application by, 258 
Water use: 
excessive, 142 

restriction of, as control measure, 
871 

Watering lawns and gardens, 286 
Watering troughs, 824 
Watson, G, I., 218, 244 
Watson, M., 2, 7, 8, 10, 1 1 , 16, 25, 169, 
842, 348, 368, 866, 8S8 
Wave erosion, 164 
Waxes, petroleum, 208 
Weed burners, 1 49 
Weed killers, 149, 152 
Weep holes, in ditch lining, 166 
Weisman, R., 246 
■Wells; , 

breeding in, 826 
pumped;) for drainage, 142 
West, A. P./284, 246 
Wet basements, 81 1, 812 
Wetting agents, 241, 326 
-Weyer, F,, 890 
Whip-poor-^ wills, 292 
Wliite, E. S,, 368 

ViT\ite arsenic and copper sulphate,' 
242 • 


Whitman, L,, 10 
Whitmore, E. E., 343 
Wieder, S., 245 

Wild-life conservation and mosquito 
abatement, 40, 120-128, 267 
Williams, E. L., Jr., 120, 129, 236, 
245 

Williamson, C. W., 226 
Williamson, K. B., 194«, 203 
Wilson, D. B., 10, 63, 251, 262, 269, 
290, 3 02, 846, 347, 860, 3 68, 393 
Wilson Dam, 263, 261 
Wind tides, 160, 161 
Window screens, 283 
Wine barrels, 814 
Wing venation, 376 
Wing walls, 180 
Winter breeding, 306 
Winter killing of adult mosquitoes, 
371 

Wood,?. D., 288,246 
Work, units of, 258 
Work outside districts, 86 
Work relief projects, 126 
Worth, N. H., 195, 208, 826, 840 
Wu,S.-C.,896 

Wuohereria ba7icrofii, 6, 301, 368, 869 
Wuchereria malayi, 869 


Xylenols, 219 


yellow fever, 2, 3, 6, 12, 120, 121, 
316,330,847,848, 849,860, 866, 
368 

Y ello w fever c ontrol, 301 
Yellow Fever Service, Brazil, 849 
Yellow fever vectors, 867 
Yosemite Valley, California, 141 

Zambesi bridge, lower, 16 ^ ^ ^ ^ ^ ^ ^ ^ 

Zeidler, 246 
Zendrini’s gates, 864 
Zoophilisra, 123 

Zoopliilous mosquitoes, 108, 292, 351 





